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NOTICE. 


The Si:^ Volume of The Memoibs of the Geological Suevet 
OF India, now issued, will be found to contain papers descriptive of large 
areas of country in different ports of India. These relate chiefly to 
Western India, but there are also detailed desqipptions and maps of two 
of the smaller detached Coal-flelds of Bengal. Full osteologfcal details 
are also given of the interesting remains of Frog^, long known to 
Geologists as occurring near Bombay ; and of which the Survey has been 
fortunate in obtaining some well preserved specimens recently exposed by 
engineering works undertaken in that locality for reclamation purposes. 

The present Volume gives a description of the Geological Structure 
of about sixty thousand square miles of country,— an area larger than 
that of all England and Wales. It is not intended to convey the idea 
that our examination of this immense area has been bufliciently detailed 
or close to justify its being considered final — (this would have been 
impossible within the time whidi has been devoted to it), — ^but I believe 
that this examination has been carried out as carefully, and recorded in as 
full detail, as was practicable with the very imperfect topographical maps 
which wc had at our disposal. The nature and value of these will be 
found noticed in the several papers, now published. 

The structure of quite as extensive an area of country adjoining that 
herein described will be noticed in the next volume of the Memoirs, now 
in preparation. 

Calcutta, ^ THOMAS OLDHAM, 

December 1868. J Geological Survey of Indial 
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Object of visit. 


1. — Introduction. 

The following^ slight contribution to our knowledge of the geo- 
logical structure of Sind is the result of a visit paid in November 
1803 to the country immediately north-west of Kotree on the Indus, 
the present terminus of the Sind Railway, for the purpose of examin- 
ing the locality at Lynyan, whence an inferior 
kind of coal (or rather of lignite) was extracted 
in 1858-59 ; and of determining, so far as was practicable in a brief 
visit, whether there was a probability of the existence of other de- 
posits of fossil fhel in the neighbourhood. The results of the visit, 
so far as the prospects of finding coal were concerned, were detailed in 
a Report to the Government of Bombay dated December 23rd, 1868, 
a portion of which is appended. As that Report, 
Report m 1868. however, was designed solely to explain the reasons 

for the unfavorable opinion expressed of the economical value of the 
Mem. Qeologicol Survey, India, VoL VI., Art. 1. 
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i(dqH)nte, the geology was only onisotily refemd to. The object of the 
present remarks is to doectibe at somewhat greater 
Aeient report. length the seotions examined, and to point out * 

briefly their beating upon our previous knowledge of the geology of 
Sind. 

The only prerious observer who has left any record of the geology 
of the neighbourhood of Kotree is Captain Vicary, who traversed part 
of the country rapidly on his march from Kotree to Sehwan.* 


2. — ^Tiuct of couimiT exauined. 

It is first necessary to state how far my investigations extended, 
lieaving Kotree I manhed up the river bank to Bhada, about 10 
miles. The alluvium, west of the river, is here 

Itontflu 

very narrow^ and immediately beyond it there 
arise low hills of white compact limestone^ abounding in Alveolina, 

From Bhada I marched 15 miles north-west to Lynyon. After 
remaining there for two days^ I marched about 30 miles further to the 
north-west to a gorge in the Eri Hills at a place called Bani-ki-kot or 
Bunneekote. So far the journey^ except at one place between Bhada and 
Lynyany had been across a broad plain. Bunneekote is in the first high 
range of the hills which border the plain to the west. The plain is 
known as the Vira; the hills as the Eri range. 

From Bunneekote I returned due east to the InduSy about 16 miles: 
and thence dropped down the river in a boat to Kotree* 


* Quarterly Journal of Geological Society, London, Yd III, p. S41. In YoL VI of the 
Journal of the Bombay Branch of the Boyal Adatio Society, p. 182, Br. Garter deecrihed 
a nriea of geological ipedmena from the Lynyan, Ulnitrating a section of the rodu forwarded 
hy H. Inman, Esq^, who superintended the woriis at the odliery. Mr. Inman, in his seotioni^ 
represented the rooks forming the hills at the rides of the valley si resting nnoonformaUly 
upon the deporiti associated with the ooal. I could not see the alleged unconformity dk* 
tincUy, and found that Mr. Inman, in hia section, which I saw, hod eiaggeieted the dip of 
the vall^ hedi* 
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8.— ObOLOGIOAL 0BSIBVA110KS. 

It diottld be nmembeted that the felloniag notee were fbr tiie moat 
jmrt taken daring a harried joamey^ and^ oonseqaently^ that many 
impaHant matters may have escaped observation. 

From Bhada on the Indos^ the road to the north-west for a short 
distance passed over allavium, then over a femigmoas gravely somewhat 
resembling laterite and probably a modem formation. The first distinct 
rock seen is limestone containing Faraminifera, and although less com- 
pact than the alveolina-limestone of Kotree^ almost unquestionably 
a portion of the same bed*. Calcareous sandy beds, white or varie- 

* The following fossils wore obtainod from this bed in a few hoars' search. The deter- 
miiiBtloiis are by Dr. Stoliczka : — 

Molluboa, 

Q^utropoda* 

Terebellam distortum, d^JreUae. 

Accasonina sp. 

Terebra Flemingii. ^Arch. 

Natica decipiens, it Arch 
„ longispira, Lepmerte, 

Cerithiaxn, sp. 

ZiamcWhrcMchtata, 

Gastroclicsna sp. 

SpondyluB 2 sp. ^ 

Nerita (Velates) Schmideliana, Chemnits. 

Ostrea Flemingii. d'Arch. 

SraehiQpoda, 

Terebratala 

Abticuiata. 

EehiMdermata, 

Hemiaster digonos, d^Arch, 

Surhodia Morrisi P dPArch* 

Sorhodia sp. 

Echinolampas sp. 

Temnopleurus Boosseaui, d^Arch, 

Gdaris, spines. 

CciLlirTBBATA. 

QfraU. 

Pydfllites Vioarji, d^Areh, 

Sttyloeosnia ap. 

TvoehMerli sp. 

HontUraltia ^ 

Trooliooyathtts qp. 

FmosQA. 

JbfWw i a j f S wtt. 

Oparenlliui caaalifrra, d*Arch. 
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succeed, and the road, about five oar sue mileB from Bbada, 
ileBo^ds a mther steep scarp of variously coloured limeatotts and shale, 
nie scBip continues, not regularly but broken into hills, on the right baud 
of the road as far as Lynyan. There it consists at the top of n}|)bly 
limestone of a yellow colour, abounding in fossils, but this limestone 
appears to be rather lower than the white alveolina-limestone which 
forms the top of the scarp further south. 

Beneath the limestone there is first a band of calcareous sandstone 
abounding in Osirea Vlemingii^ next a sandy bed, and then coarse calcar- 
eous sandstone, with ill preserved casts of cones and other marine fossils. 
These beds are horizontal, or nearly so. 

Bdow the beds of the scarp a series of sandstones and clays of 
very various colours come in, mottled-grey, or red, often ferruginous, 
containing gypsum in abundance in places, and in others having an 
efflorescence of alum on the surface. These beds roll slightly at varying 
fj^ngles, never appearing to dip at more than 6^* or 6'’, and generally at 
not above 2’’ or 8% No marine fossils could be found; carbonaceous 
marhingB and imperfect plant remains, too ill preserved for identification, 
are not uncommon. 

Amongst these beds the lignite occurred, which was worked at 
Lynyan. It was a small patch, not extending 

Lignito. 

alx>Te 100 yaxds in any direotionj but 6 feet 9 
iaebee thick where first worked. The lignite was exceaairdy pyritons, 


and liable to spontaneous combustion. 

Aeross the Vila plain but very few rocks are seen. The greater part 


TirapUn. 


of the surface is covered with pebbles, chiefly of 
the rocks forming the hills to the west. Bounded 


fimgments of alveohna-liraestone and of silioified wood abound. 

Whenever rooks do emerge, however, they are invariably, so far as X 
•aw, the gypsiferous clays and sandstones, and there sppeaa no lesaon 
to doubt that these underlie the whole plain. 
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«• 

Hk the foot of llio Hilb tiie oompaot dTedmaJiaMObOB* oobms in 
beds of the plain ; it is alightlj dutorbod, and tbe jun<(tiin|» 
t tniudi eonoealed by immenae aocamulationa of boaldota'Hid gtavel, iito 
bod% of wbidi are arranged in terraces at the plaoee when water* 
eonnes emerge firom the hills. 

The outer range of the Eri Hills ruits apjnoximatdy nortii and 
south, and, where I visited it, it is doable : a lower 

£ri Hillti , , 

ridge bordering the plain, and a loftier ridge, about 

1,000 feet in height, running parallel, about two to three miles farther west; 

through both these ridges a gorge is cut by the Mohun Biver at Mohan* 

kot or Bani-ki-kot, or Bunneekotc, a peculiar old fortress of the Ameen 

of Sind* 


Gorge at Boonedcote. 


At the entrance to the gorge the limestones, where they emerge 
from beneath the alluvial boulder deposits, have 
a low dip to the east. They are sharply twisted 
up at one spot, but continue steadily beyond and rise into a hill about 
460 feet high.t From beneath them, at the west base of this hill which 
is part of the outer ridge already mentioned as bordering the plain, the 
gypsiferous clays and sandstones crop out, much varied in colour as usual, 
but with a very high dip of 60° to the eastward. Yet there is no clearly 
marked unconformity. These beds continue at the same dip for above 
a quarter of a mile, when they roll over at an anticlinal, and continuiiig 
up the stream to the westward lie at much lower angles, fiequentty 
neatly horizontal, but generally dipping at 10° or 16° to the west or 
north-west. At the axis of the anticlinal the lowest bed seen is 
which only appears in the stream for a fisw yards. It is slightly amyg> 


* ThspboataMUltabethe onbrvotdongtlie HugewlMn twastwaterli poesisUa . 
luA tbb doabtiM Ml to iU baiiig fwtifled, espcciiUr H tin gwge is mil dsIMM tgraatan. 

t BysBanttasusarassab 
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and contains agates^ ami it has a digfatly stiiatified appeiraaoe. 
"Jpnly a few feet of thickness are seen. The sandstones reitiag npon it 
do not appear to*be in any measure altered by the contact. s 

Bebw about 20 feet of solid trap^ there appears, on one side qf the 

. Mohun stream (in which alone the igneoue rook 

qVapinkoliimtfcreuii. . , , 

18 exposed), a shaly bed, perhaps an ash. It is 

this which tends to give the trap so markedly stratified an appearance. 

It is possible that this lower bed may be sedimentaxy, and belong to the 

same series as the variegated sands and days above the trap, and that 

the latter is simply interstratified. So very small a section is seen that 

these questions must be left undecided for the present. 

Beyond the anticlinal the variegated sands and clays continue for 1 
mile or 1| miles to the west, then, just beyond the lower part of the 
kot, the inner ridge crosses from north to south, parallel with the outer 
ridge, and, like that, composed of alveolina-limestone resting upon the 
sands and clays. In neither case does there appear reason to suppose the 
eodstenoe of any fault between the limestone and the underlying beds. 
Tet it should be noticed that, in neither case, is there any appearance of 
the rubbly calcareous beds so rich in marine fossils which rest upon the 
sends and days of the Lynyan. 

The inner ridge slopes away to the west, a valley succeeds, and 
beyond that other limestone ridges ore seen, which, 

Tft piir ridgs. &C. 

however, I did not visit. appear to consist of 
rocks dipping to the west, and, consequently, resting upon the limestones 
of the kot, but it is unsafe to dqpend upon sddi distant observations. 

The thidaiess of the beds seen at Bonjpdbote was approximately 
as follows:— 

Limestone, abounding in AlveoKna ' ..r 1,000 feet. 

Variegated sands and clays 1,800 „ 

Trap ••• ,,, go „ 
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ftom BanaedEote to the banks ef tbe Indiu, in ^ distet Km, ao 
^ tDdainKsaeo,<the whole sni&oe bong bovend md eoMealed b^^’tbe 
^ allaiial pebUe d^Kisit. 

, 4— BesIATIONB and OLABSmOAHOK or BBSS. 

The deposits of this portion of Sind were considered by Captaia 
Vieaiy* to be the following in descending order 

1. Conglomerate. 

2. Clays and sandstone. 

3. Upper bone bed. 

4. Sandstone ; fossils rare. 

5. Lower bone bed. 

6. Coarse arenaeeo-calcareous rock with Cyth^rea exoUtaf and eraraiai 

Bpaimxfi * no Nummuhtes, 

7. Pale arenaceous limestone with Hypponyces^ NtmmvliteSf and Charoidea, 

8. Nnmmnlitio limestone of the Hala Range. 

9. Black slates; thickness unknown. 

The first five are probably higher beds; indeed the first six are excluded 
by Dr. Carter as Miocenefy but Captain Vicaryl: states that the rooks of 
the hills north-west of Kotree are in all respects similar to the non-nummu- 
litic rock No. 6. Captain Vicary traversed this country very rapidly, and 
the difficulty of procuring water prevented him from visiting the hills. He 
mentions, however, the occurrence of variegated clay abounding with 
gypsum, but containing no fossils," and again states that, between the 
range of hills stretching north to Sehwan (Eri Hills) and the Indus, 
''there are nunierous low hillocks of aluminiferous clay," and he mentiotui 
his inability to ascertain the relations of these days to the beds of the 
higher ranges. In the hills north-north-west of Kotree he recognised 
his No. 7, probably, in the beds so rich in marine fossils noticed by 
me near lynyan. 

* Quar. Jcar. GeoL Soc. London, III, 335. 

t Snmmaiy of the Geology of IndU in ' Geological Papees on Weatem India,' page 608. 
la a note, page 748, however, he fidlowilPArdiiae and Baiteia daaiingan beds below the 

t Qnar. Joor. GeeL Soo. London, III, 84L 
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Mjr vifliliWBB 80 honiedi and I bad 8 o UMe previoiiB aoqtiaiiita&oe 
iritbiheBiiinmuIitio loob of ^Western India^ that I can only indkaato the 
opinions towhi<^ I shonldindinO; espeoially as they appear to differ^ 
slightly from Oaptain Yicai/s. as appears probablei the limestope of 
the Eri Bange be the No. 8 of that offioer^s sectionj I am disposed to 
believe it the equivalent of the rocks of Eotreoj but which Captain 
Yicaiy referred to his No. 6 (see appended sections). This^ however^ is 
a snlgeot whidi requires farther investigation. Still the droumstaneesj 
that the limestone of Eotree is exactly similar in character to that of 
Bunneekote^ that both abound in ^Alveolina, and that both overlie the 
same series of sands and clays without^ at least , any great unconformity^ are 
strongly in favor of their identity. The absenoe of the highly fossili- 
ferouB beds seen east of Lynyan at Bunneekote does not necessarily 
prove nnconformity between the sands and clays of the Vira plain and 
the slveolina-limestone ; the lower portion of the latter in the Erl Hills 
amy represent the yellow limestone of Lynyan. 

It is^ however^ very probable that a break in the series exists be- 
tween the clays and sands and the alveolina-limestone. The latter is not 
only marine^ but probably a deep-sea deposit. The sands and clays are 
not only deficient in marine fo^ils^ but they abound in the remains of 
plants ; and if they are not of fresh-water origm^ they must be estoary 
or coast accumulations. The limestones of Lynyan^ on the other hand, 
were not necessarily deposited in very deep water ^ many of the 
contained shells are shallow-water forms. 

If, then, there be a break in the series between the limestone and 
the underlying beds, the age of the latter remains to be determined. 
The only reoc^iaable fossils which I met with were some leaves of plants 
in a bed of argillaceous shale at Bunnedcote. They were all dicoty- 
ledonous, which is in favor of Ihe tertiary age of the oUys and 
sandstones. 
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It remains to indicate the reptesentatives of these rodtit dsewhera. 

\ Though they appear to be unusually widely difflised^ ^e information 
afforded as to their age is not great. 

In Cutch^ aluminiferous clays and marls of every variety of colouri' 
are stated^ by Captain Grant to occur near Mhurr. Although be 
classed these beds with his coal-bearing series^ which, in places at leaet^ 
is jijirassic, these alum-bearing beds^ occurring dose to the border of the 
numinulitic limestone, may not improbably represent the variegated 
days and sandstones of Sind. The mass of the coal-bearing Catch beds 
are probably older.t 

Similar beds of day and sand containing gypsum and lignite 
underlie the nummulitic limestone of the Punjab salt range.^ They 
vary in thickness from about 3 feet in the east to 300 feet and more in 
the west.' (Dr. Oldham). Dr. Fleming states, loc. cit., p. 333, that near 
Kuttha and Moosakhail arenaceous limestone containing nummulites and 
other fossils common to the limestone above is interstratified with them. 
If this be the case of course they form an integral portion of the nummu- 
litie series. Mr. Theobald gives a section at Kolki, (1. c., p. 668,) showing 
that some carbonaceous alum-shales are interstratified with the lowest 
beds of the nummulitic limestone. All observers agree that the shales 
and sands with lignite rest upon juraasic beds. In their mineral character, 
as described by all observers, and their position beneath the nummuliiie 
limestone, they correspond so exactly with the Sind beds, that but little 
doubt can exist of their representing the latter. 

It appears probable, therefore, that this series of variegated days and 
sands has a considmble extension to the north and north-east. It is 
unnecessary to enter into the question of their farther extent at present 

• OeoL IVuM., London, SiidSer., VoL V, page 296. f See Notw on CMch. 

t See Dr. FloiniDg, Jonr. Asiatio 6oc., Bong., XXII, pp. 888, 466A dEO., W. llieobald, 
Jr., Jour. Aiiatic. Soc., Bong., XXni, 668, C66. Dr. Oldham.'— Momo. on the miilti of 
esnwiy esaaiiiiatlon of the lalt range, Ac., 1864. 

B 
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in flifi OiraetioD. Tbere m, boweteri some remarkable and interest- 
iogr ^inte connected with the eectione of sinular rocks examined by 
Dr. Carter in Arabia.^ Compare^ for instance^ the sections at Moskat^ 
Masira^ and Marbat. 

At Muskat the section is (abiidged fiom the two sections given by 
Dr. Carter). 

Coarse limestone with foraminifera. 

Siliceons limestone. 

Argillaceous strata with gyiisum, calcareous sandstonCj variegated 
sands; and pebble beds. 

Greenstone and Serpentine. 

At Masiia-" 

Compact limestone with foraminifera 100 feet. 

Coarse yellow limestone 50 „ 

Sand^ and red and green arenaceous clays traversed 
by veins of gypsum 50 „ 

It does not appear that the base of the last named bed was seen; 
80 this is not neoessonly tho total thickness in the neighbourhood ; the 
limestone is said to rest on diorite. 

At Marbat— 

White limestone strata containing alveolina; besides 

other fossils 1,400 feet. 

Argillaceous strata of a red colour 300 „ 

Coarse micaceous sandstone of a yellow colour be- 
coming finer as we ascend ..a ... ••• 1,700 „ 

From the eketchee these beds possihly rest upon igneous loeks, 
stated to comprise gianito, greenstone, and diallage rode or euphotide. 

• Mtmoir on ihe geology of tiu tovtli-eeife coast of Arabbii Joamil Bombay Branel 
Royal Astatic Society— IV, 81, and Geologkil Fbpen oo Wosbam India, p 061. 
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Similar oeetiona oooor in othor plooM, and an deaaibadttloQgiliin 
Dr. CSttter’a nlaable memoir. It u nnpeceaeary to do mom than nfiNr 
' to them here. In his "Tabular arrangement*' of the strata) at the end 
his papto) he refers all the argillaoeons strata to the lower eieta« 
oeons period) and daases the limestone oontsining egdolma and dntoRm 
as upper cretaceous. If I understand his opinions correctly, he considets 
the Mnskat and Masira sections as higher than the other, and while the 
first ore beUeved to be eocene, the latter is classed as cretaceous.* In 
his "Summary of the Geology of India" (2nd Edition), however, he 
distinctly states that " this marl or day, or sandy deposit, which under^ 
lies the 'nnmmnlitiferons limestone at Muskat, Masira, on the mainlaad 
of Arabia, in Cutch, and in Sind,” is tite lowest number of the nummn* 
litio series.t 

It is out of place here to enter further into the discussion of the re- 
lations of these beds; it is sufficient to show that in Arabia, as in Sind 
and the salt range, beds of day and sandstone immediatdy underlie the 
nummslitic series. But the most interesting point is the fiust of these 
clays resting on diorite and euphotide. As Dr. Carter occadonally 


* Geological Fapen on Weitem India, p. 690. 

t From the manner in whidi Sr. Carter’s pnhlications appear in the * Oedogicol FSjmN 
on Weatem India,' with merely leattered annotations^ it is not always easy to ham what Us 
Swat i^inions were. But at page 700, in a note^ he allows that the evidenoe on which he 
had mainly relied for the eretaceons age of the rocks of the Marhat scarps ids, the presence 
of lycloIuM, stated by IVOrbigny to be a cretaceous ibtm, is insni&dent. Hebadprevionaly* 
described a speciee of ydohna from the Boren BiT6r near Jeimek, in mnd, and noted its 
reeemblaiiee to the apemee occurring in Aralna. In both eases it was aocmnpaniadbjraieeoIhM. 
Thancanbeseiylittledonbtof the Sind beds being tertiary, and in an probaUlity, thessty 
similar beds of llarbat and other localities in Arabia are equally so. the distinettvsly 
saesoioieftasila m ammonUti, appear to have been only found in the lowest partof the 
wUch may be of distinct age from the argiUaeeoos beds at the base of the 
limestone. At the same time the mreu m sta ne e of that limestone being of nnmmnlUle age 
does not prase the ergillaoeoas beds to be newer tiian mesosolc. 


* Sear Bombai Sr B. A, a, T. p. M). 
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lefim ttt soBBB of the tniw of Weetem India under the name of diorite, 
it is not dear whether hie dioiitee of Arabia be really that todc^ or 
ooandy oyatalline doleritee. 

The peonlidr interest attaching to any igneous rooks inunediatdy 
underlying beds associated with the nummuhtio series arises fimm the 
ftet of that series having been found by me both near Surat and in 
Cutoh* to rest unoonfonnably upon basaltic rooks bdonging to the great 
trap of Western Indu. How far that series, so marvellously 
developed in Hindoostan, can be traced to the westward, and to what 
degree it is connected with the various volcanic rocks of the Arabian 
Beninsnla, is a question of peculiar geological interest. 

6. — ^Gendhal conclusions. 

Unally, 1 have only to recapitulate the principal conclusions at 
wtuch 1 have arrived, and to point out one or two of the most interesting 
questions for future explorers in Smd to determine; the conclosionsare — 

Irf. — ^The lowest bed of the nummulitic limestone noith-west of 
Kotiee in Smd rests upon a considerable thickness of gypsiferous clays, 
and sands, variegated m colour, producing alum and containing ligates. 
These are nmilar to beds underlying nnmmuhtic limestone both in the 
Pniyab and in Arabia. 

2. The lowest of these beds seen rests upon trap. 

The questions are— 

— ^Are the nummulitic limestones conformable to the gypsiferous 
sands and days ? 

2Nd.— Do the latter belong to the nummulitic formation, or are they 
older? 

8nf.<*>DoeB the underlying trap belong to the same series as the 
great trappean formation of Western India? 

S^tmuber 1866 . 


* See lubiequent paper. 
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JBximek flam report oioi}fe(MiorlAgri^ ^ £poattm/t 

howrKood^ im Loieer Sind, 

\ 6o much iuformatioii upon the ooal of Lyoyon (Lyneoli, or lyniAi, Ae.), am Xolfee 
In Ii0wor Sind, luw already been oompriaed In previona Ri^ort^ espedallly in tbm 
Mh Bhudcwell (dated 80th April 1868), and by the Committee nnder H^{or Ifaloblm (dated 
28nd February 1861), that it ii quite unneeeiaary for me to deioribe either the coal iteelf 
or the place where it is found in any detail, and my remarks need only be brief, rinoe, aAoip 
a careful examination of the locality, I have arrived at oonclusions similar to those formed 
by the gentlemen who preceded me. 


After staying for two days at the old colUery, and examining the neighbourhood hi 
several directions^ I wont on to Bnnnro-ki-kot (about 80 miles north-west of Lynyan), In the 
hills. His Excellency the Governor had directed my attention to the spot as probably 
affording sections of the some bods as those associated with the ooal at l^ynyan. This I 
found to be the case, and I was enabled to examine the formation at mnch greater advantage 
from the excellent manner in which the strata were exposed on the banks of a stream tra* 
versing the hills. 

At Lynyan I descended the old shaft, and succeeded in penetrating a few feet into tho 
workings. They had, however, faUen in to so great an extent that 1 conld do little more 
than enter them. 

The practical value of any coal formation may be considered to depend, proyided it is 
easily accessible^ upon three principal points . — 

Ut , — ^Tlie quality of tho coal in the seam or seams discovered. 

2Md.— The quantity, that is, the thickness and extent, of those seams. 

8fd.— The existence of other workable seams of cool overlying or underlying that 
known to occur. 

• let.— The Eeport of Major Malcolm’s Committee deals so fhlly with the quality of the 

coal which was formerly obtained from the Lynyan colliery that 1 could have added but little 
even had my means of judging been equal to those possessed by the members of the Com- 
mittee, which they were not, in consequence of the mine having been abandoned for some 
years. I cannot help believing, however, that practice on the part of the Engineers in the 
river steamers and of others burning the coal, with some simple modifications of the fire 
grates used, might have overcome some of the difficulties attending its employment. The 
most serious olgection was the large quantity of iron pyrites^ and its consequ e nt excessive 
liability to spontaneous combustion. 

2ad.— The seam, where opened out by Mr. Inman, was 6 feet 0 inches thick. In the writ 
enidi 1^ the^ Beloochees, in which the coal was first discovered, it is said to have been 7 feet 
thick, but this appears rather doobtftil, for in tiie plans prepared by Mr.Bmnton the under- 
ground workings are shown to have been stopped near the well (which lies to the eastward 
of lir. Inman’s riiaft), in consequence of the cool thinning out It is also shown in 
Hr.BraDton*8plan«,andititedinh^ letter, that the workings were stopped on the north 
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mA rt fttNmt the Mue dirtMcwb iHikh fa my emitB^ii^t moie than 16 yudi at thf 
iMifaKd^’; while to the fouth-eeat the thtdcneae fltat dfaocwered hdd good In Janoeiy 1869. 
Batthelerel in thi^direetion wu intended to iatenect the flrat deep ihaft (Na.l)eankhy 
Ifr. Inman, and in that ahaft, aa dearly diown by Mr. Bnmion'a aeotfama, the oOal had 
dlminfahed in thidcneaa to aodi an extent aa to have been paaaed throngh withont 
reeogniaed by Mr. Inman, who oontinned dnking for nearly 60 foot fhrther, npon the anp- 
poaition that the eoal team, inatead of being nearly horiaontal, dipped at an angle of 20° 
or 26^ tothe Bonth, an error ftom which a dight acquaintance with Oeokigy might have 
aaved him, alnoe the rocka are anffldently wdl seen at the anrfooe doae and, although 
varying aomewhat in thdr dip, they never exceed abont 7°, and even that dip ia exceptional. 
VHiere the daya aooompanying the ooal crop out at the anrfiice, 260 or 300 yarda aOnth-weat 
of the eoUiery, the ooal ia only repreaentod by a alightly carbonaceous shale. 

The diatanoe of the abaft No. 2, fhmi which the coal was worked, from shaft No. 1, 
fa only 100 yards. The whole workable ^ seam'* of ooal was, in foot, oxhanated. And, aa 
dry details seldom convey a auffldently ^tinct improuion to any one who has not viaited 
the j^Bce^ it may anffloe to atate that the patch of eoal at Lpopan, for U cannot he called 
a seem, did not extend in a foorhahle form for a stones throw ta any direction whatever^ 
ITorther remark ia snperfluoua. 

Mr. Bmnton, inhia letter of the 16th January 1869, anggeata the probability of the 
ooal anppoied to exist at the bottom of No. 1 abaft being the repreaentetive of the lower aeam 
famed throngh in the well aunk by the Beloocheea. From the absence of all who had been 
ooneemed in the mining (^rations at the lime of my visit, 1 could not learn whether any 
coal waa ever found at the bottom of No. 1 shaft, bat if it was it certainly did not represent 
the lower bed in the Boloooh well, which waa only 12 feet bdow that worked, while tho 
bottom of No. 1 abaft, only 100 yards ^tont, waa 60 feet below the same bed. 

Srd.— The above, however, is not new. The same focta have been detailed, and the aame 
colons expreaaed, in previous Beports, and 1 believe that the prindpal olgect of my being 
dapnted to exanune tho locality was to endeavour to aacortain whether there ia a probahihly 
of other of cool of better quality and more persistent thickness being discovered in 
the neighhonrhood. I very much regret to be obliged to report that I do not sec a prospect 
of snob being met with. 

1 aearohed for a considerable distance around the old mine without finding in the small 
ravines any indication of outcrops of coaL Doubtless far closer and wider aearch thou mine 
has been made with the same result. Several pits were sunk in the ndghbonrbood by the 
Oficer of the Railway Company in 1869, in only one of which, ao for as 1 could learn, ooal 
wie met with, and then it was only one foot in thickness. 

In order to exphun my reasons for disbelieving the existence of workable seams of 
ooal beyond the area thus explored, 1 must briefly deecribC the geology of the dlstrfaL 

The thickness of the variegated sandstiones and shales exposed on the eeotUm of Bun* 
nee-ki-kotfanotkm than 1,200 foet; and the greeter portion of thfa thiidumm fa 
two or three times by tho rolling over of Uio bedi* Only in one pkoe could 1 detect any* 
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tbfa^liketliecniivQpof t bed of ooult tad ihe& wee My i|wgPto» if 
■Dd appeind to tUa out wUildB a veiy Bat not btbetUdkMaef lld•bBd^ 

^if?egalar,biittheeimeis nmarkably the (om wilh bhiij of tiM iiiia^lMdaQf AdhtrUoli 
oecw^ IniMiben^aiattheLynya&^toenolngenMlIy areinegalai^fMIflefi^ 
able inJihbdnieML Moreover, the more diakjtaiid espeehdly the more larhiiiiaeeeai bedi^ m 
aboond in iion pyrites that they are largely dog oat by the Brioooheeib and e^to^d ill dMtp 
plaoes, tor the poipose of manotoetaring alum from them* the pcodnotloD of the aim bring 
dae to thepresenoe of the solphar of the pyrites. 

Wereaooalbeddisoorerediniaohapositloii, theraeonldbesoanriya donbt bat that 
it would abound in iron pyriteei and that it would thin oat within a diort distaaoe; hi toot 
it would be predsriy similar tothat formerly worked at the Lynyon, and equally wor thle s s . 

Ab, therotorsb this formation prosenres the same ohaiaoteristlos o?er a dietanee of at 
least 30 milos^ there appears eveiy probabUity o^its pecalionties being oharaoteristio and 
persistent throughout^ and those poouliarities axe inooniisteut with the ocourrenee of seams 
of workable coal. 

Eicessive irregulnrity, and, in general, the abundance of iron pyrites^ are^ indeed, noto* 
rionsly characteristic of the numerous deposits of oosl which hare from time to time, and 
in various parts of India, boon discovered m the Nummuhlic formation. 

Boxbat, 1 
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The largo proportion of these memoirs which has been devoted 
to the remarkable groups of plant-bearing formations, associated with 
beds of coal in various parts of India, will diow how oontinuoudj 
the attention of the Geological Survey has been given to these deposits, 
A summary of the information obtamedup to 1860 and 1861 respectiv4ri||r 
will be found in Mr. Oldham^s two papers * On the Geological idatioiis 
and probable Geological age of the several systems of rocks in Central 
India and Bengal^ (Vol. 11, page 209), and ' Additional remarks on the 
Oeologioal relations, &c., &c/ (Vol. Ill, page 197). 

Of the several divisions into which the various formations have been 
the two most important are those for which the Survey has 
adopted names— Daxuba and Bajiiahal. The age of the former 

was diown to be, probably, upper palsBozmc, that of the latter to be 
wynaapwAj axid, possiUy, 'not newer than the lower Odite/ 

MmL 0Hloekal0amyef ladK VoL Yl,art.l. 
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* In tbs papen just vefen«d to, different localities in Indies in 
whkih this Bigmalial series had been identified, were stated to be~lst, 
fiajmahal Hillijin Bengal; 2nd, near Triohinopoly,in theMadiaa Presiy 
dency; Srd, in the Province of Cutch, Western India; 4th (very doubt- 
fully), near Jubbtdpoor, in Central India. The flora of this last toeality 
(the * Upper Damuda^ or * Jubbulpoor^ beds^ of the late Mr. J. O. Med- 
lioott) was shown to be diflevent fiom that of the true Rajmahal 
und its relations were doubtful The presence and abundance of Palath 
lamia and other C^cads were the chief characteristics of this series, 
wherever seen. 

It was in Cutch that these beds and their peculiar fossils were first 
observed. A paper by Captain Giant in the Transactions of the Geologi- 
cal Society of London (2nd Ser., Vol IT, page 289) contains a rather 
detailed account of the geology oi Cutch, and is accompanied by an 
exotilent geological map of the province. The plant fossils obtained 
were described by Moms, the animals by Sowerby. 

The peculiar ciicumstanoe which renders the Zamia-beds in Cutch of 
unusual interest is their association with rocks containing marine fossils 
of undoubted Jurassic age. In eveiy other locality, except Trichinopoly, 

* These beds were described by the late Mr Medlicofct in his paper, * On the fMjm 
of tIluB central portion of the Neibndda District’ (Mem . Geol Suiviy, India, Vd liff under 
the name of 'Upper Damnda.* The separation tv as made and the name given on good 
geological grounds, and it tv as at Hist thought that the bods TepreseHied the 'Bidniabal 
gienp* of Bengal But ihrther <,zainination of the fossils showing a distinction ftom the 
latter, while it equally shoTved a marked separation from the *Damuda' CT<ower Damnda') 
aeriei. In aubsequent MSS reports, Mi. Medheott adopted far the beds which ho had 
first named * Upper Damnda* m the Nerhudda valley, the name * Jubbolpoor,* the rooks bdag 
Wdl developed near that town. No very large senes of SmbiI plants was obtdned, and 
oven those procured have not as yet been sufflciently eaammed and eomparedi wblla 
3lr« Medlioott’s own reseandies (which, being incomplete, have not beenpuMiahed) ahowod the 
probability of several distinct groups of beds existing betireen the true DnmudiB oud tip 
JEahadevao in the upper parte of the Sone valley The exact leUtioiia of the aiMulled Xnb- 
bulpoor beds are, therefore, still donbtfhl Hr Oldham also infarma mo that moro raaml|f* 
obtained specimens throw a doubt on the identity Oven of the M«eoamia» aaidlommiOln 

11m 'Upper DMinid»'«ftlMNerlmda»nIl9 with * 

( MS ) 
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definite geological datei, oaid the difloove(i7 of the Yelirtiooa of tfirik; 

L tbe eretaoeous beds of Ootatoor in ltrichine|K>lj dietriok^ SORVllugll 
■iOj onlj rendered it more desirable to aseertain corre^f wlttt wae 
the conneotion betwew them and the Jarassio marine seriea. The 
Cntch representatives of the latter were described at some length Iff 
Captain Grant in the paper already referred to^ but he left the qnestieil 
of the relations between the Oolitic beds^ which he termed the ^lamina* 
ted series or Upper Secondary/ and the Zamia-boaring beds^ lus 
'sandstone and day with beds of coal^ somewhat obscure. It will show 
ibe state of knowledge of the subject^ previously to the observations 
I am now going to describe in detail^ to quote the passage in 
Captain Grant^s report^ which treats of the relative position of the 
'Upper Secondary formation^ (that is the beds with jurassic fossils 
to the other strata Captain Grant writes^ — 

"I searched diligently to find the relative position of this forma* 
" tion (Upper Secondary) distinctly defined^ but in vain, as, at its ap- 
parent junction with other beds, the whole of the strata were brokeu 
'^up^ and so confused os to baffle every attempt to ascertain the boundaiy. 

I am induced, however, to believe that it occupies hollows in the sand- 
" stone and coal formation, or abuts against it. It cannot underlie that 
"series, because its strata are always horizontal^ except where locally di^ 
"turbed; while the beds of saudstoue and coal are as invariably in- 
"dined at a considerable angle, and are everywhere intersected witibi 
"dykes, dips, and other dislocations, from which the Upper Secondary 
" strata are generally free. In one instance, the formation evidently 
* "occupied a hollow in the coal sandstona 

" In many places it appears to abut against the sandstone, ooonpy* 
" ing large tracts which may, at some period, have been covered by bade 
that formation, subsequently washed away. From wbat hae been 

a L 0 . page S87. 
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''fCttdiirioii if tlfo borne ont bgr ite inAedded fttorile*** 

It will be^pesoeived that the ojdidcm gii^ is by no ittefa^ 
no case being quoted where the two formaticnui wereaotn^ eeen or tiaoed 
intoocmtotit. It wae^ theieforei l%hly denraUe that a more^ceifftd 
esamination of the Catch section should be made^ in order to put an end 
to this doubt. However^ until the Surrqr wae extended to Western India, 
at the dose of 186$(, the great distance of Cutch from aU places where the 
surteyors had been engaged prevented any examination of it from being 
made. In the following year (November 1863), an opportunity occurred. 
I had been deputed to Sind, at the request of the Government of Bombay^ 
for the purpose of examining the reported coal of Lynyan,* and when 
returning to. Bombay, instead of going directly from Kurrachee, it was 
dedded that I should go round the coast to Mandavee in Cutch : I then 
spent about a fortnight in a rapid traverse of the country. 

2. Moute /ollomd.— From Mandavee I went through Bhooj to 
Tooria on the banks of the Bunn, devoting a day on my road to the exa- 
mination of Eatrore hill, in the Charwar range. From Jooria, I marched 
westwardly along the edge of the Bunn to Charee, and thence 1 re-orossed 
tibe province from north to south to Mandavee, whence I proceeded to 
Bombay. 1 thus examined two sections of the rocks which (ic^T|^in the 
province, and which appear to have, throughout the greater portion of 
Cutch, a general dip from north to south (see section). 

Before proceeding to give the concludons at wfaidh I arrivodi and 
which differ to an important extent from those of Captaisi Gtant, it will 
be wdl to state in detail the observations upon which they are founded. 
St should be borne in mind that the ^dal object of my visit beiiig to 
tiaoe out the rdations between the Jurassic marine beds and tboae eon* 
taming Zamie, my whole time was devoted to this olgeot, and fiieta 
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ivlmu Bowb iport btmpti^ pointi idaiber to ilKp ^Brtwy^ t^ , 

JktMfi eitervaiiona . — ^Leanng Mandayee and *Madkiiig on 
the road to Bhoojj a plain of alluyium is traversed as £w as AaaBshjnu 
There ferraginotts clays are seen, which harden on the snifaoe into a form 
of laterite. These, from their mineral character, may be recognised m 
identical with the lowest beds of the nnmmulitic formation near Snrat^ 
Beneath the laterite at Asambya is a peculiar bed of sandy day, ezoes* 
sively ferruginous, and containing masses of impure hamatite, and bdow 
this again pale dove-coloured sandstone with red bands, and with deep 
red day in the jointing planes. In their ferruginous character and varia- 
tion of colour these beds recall somewhat the variegated days and sand- 
stones of the Lynyan and Mohan in Sind.f They are, however, so far 
as seen, of small thickness. 

All these beds dip south at a low angle (about 5'’) . Immediatdy 
from beneath them to the north, trap crops out, dipping also to the 
south beneath the tertiary beds. It continues for about four miles, the 
dip being the same all the way. Somewhat to my surprise, I immedi- 
ately recognised in it the trap of the Deccan and Ouzerat. The steady 
bedding and the mineral character were both unmistakeably identical, 
the latter especially, for, amongst the different beds, there occurred not 
only the characteristic amygdaloid of the Deccan traps, with its kernels 
of stilbite soarrounded by a crust of green earth, but also the very 
peculiar felspar porphyry so common locally amongst the volcanic 
fbnnationB of Western India. 

The road from Mandavee to Bhooj crosses the strike of the trap beds 
diegonally, and, just b^ond the village of Choolri, ooarse white and 
toown aandstones cmne in beneath it, still dipping south. About 


• Tkm win bs Cicribid ia a fetove fap«r. * 
t Bwimedniif paper. 
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irilito angilliotoiu {rtttpla luui to wm fine tlSn IwMni 
t.1l|uietaliM> me met nfith, teoaSieg, ia mlnenl cihametar, t&e TrieiuiMW 
pdjr pleat beda. All tliisttaet is indaded by Captain Giant in hie 
stone and oUqt with coal', and from this neighbomhood wen dtoiaai the 

toanl plants described by Mr. Mortis, and already refened to.* • 

* 

Sitnilar horizontal or rollingy hut with a general low aontherly 
iip, extend to the Ghorwar range, a low ridge of hills which oroaaes 
tile eountiy from east to west about five miles south of Bhooj. This 
range is escaiped on the north side, and slopes very gradually away 
to the south. At the ghat^^ on the road to Bhooj, the rocks are 
horizontal on the crest of the hill, but on tbe north side they dip 1 0% 
or 16” to south and south-west. The inclined beds are sandy shales and 
thin sandstones, varied in colour, white, grey, brown or purplish, and 
containing imperfect plant remains m abundance. At tbe ^Nortb base 
of the hill are blueish-grey shales and hard thin calcareous bands, also 
with fragmentary plant remains. 

This range of hills is coloured as belonging to the Laminated 
series^^ by Captain Grant, and I have beard, from other sources, of 
Ammonites being found upon it I could not succeed in finding any at 
this spot, but I saw fragmentary plant remains in nearly all the beds. 

Sandstone and argillaceous beds continue to Bhooj, hay|))g, in 
general, a low southerly dip, not exceeding 2"* or S'*. A sharp dip is seen 
here and there ; one is met with just north of the blue ^ales at the 
foot of the gh&t. A similar sharp twist was observed south of the ifange 
between the villages of Shirat and Bharapoor. There is frequently much 
oblique lamiuation in the sandstones. 

Eatrore hill lies about 12 miles south-east of Bhooj. It ia a por* 
tion, iXL fact, of the Charwar range, which, to the east^ is less defined 
than south of Bhooj. Along the north side of this hni, and of those 
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Pt^, frig«»i» ttOtUt, Jlekmitei, feo. 13 um> 1)«ii 
ilfjttlb iB, flatiea, doM to the l(i>ot of the hiQ» thtj wm^mUdk 
tttiMl.a&d ev^ in places vertical. There is certainly a twiat^ pOMiSbly a 
• fhiilti afeng ibe base of the hills here^ but if there be a fault t£ BMf , 
great dimensions, it is certainly less clearly indicated than might hampi 
been expected. 

In the rocks of Katrore hill iteelf, near the summit, AmMamie$ of 
taro or three species occur in red concretions, which are scattered through** 
out a soft grit. Other similar concretions contain fossil wood. The bedn 
dip steadily S. 80^-40'’, W. at about 5^. 

North of Bhooj, for a considerable distance, the coarse sandstones 
and argillaceous beds of the Zamia-bearing series arc met with. An 
attempt was once made to work a bed of coal which crops out in a nulla 
at the village of Toombo. The section seen in tho nulla is — 

Ft. la. 

1. Coane brownish and wliite sandstone very false-bedded ... IS 0 

2. Ferruginoas sandstone ... ... ... 0 6 

8. Coarse white fulse-bedded sandstone, with carbonaceous 

streaks, especially abundant towards the base ... 8 0 

4 Fermginons parting . . ... ... 0 1 

6. Coarse white and yellowish sandstone, false-bedded and con- 
taining carbonareons streaks in places ... ... 4 0 

6. Carbonaceous shale, pasung down into .. ... ... 1 0 

7. Coal ... ... ... 1 4 

6. Blue day with carbonaceous markings .. ... ... 0 0 

The middle 8 inches of the coal is very inferior, being rather a ehifhi 

a»Tn ooal. Only about S inohes is really good ; thie ia bright and firm 

aod. 

Some hundieda of feet of white and browniah aandatone. with oo> 
ahaly or fermgmona banda, underlie the little aeotion above 
dOtaikd. The predominating rock ia coarae white eandatone. muidi fidae- 
>Mdad. Bant fingmenta abound, but noths^ waa met with aaffi- 
4efetly pr eae r r ed fiMtidantififlatiwo. 
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VteAora ifriSldbow the Uiid<rf 1 ^^ aiaodiWI 

mfith Am ooil ana Httiiily ebmpoaed. 

Kortli-WBst of Bkooji on the zoad to Jooru, white and brown aaad- 
atonoB prevnSi at firsts then blue pjritous ehales^ and thin odoareoiie and 
sandy bands with some gypsum. A good section of the latter is aUnirfiere' 
the path crosses the Shari stream ; they continue, however, for some dis- 
tance, and acme hills, coloured by Grant as marine, appear to be composed 
of them. All have a low dip of 3^ to 5” to south and soath-caat. No trace 
of plant remains was detected, but marine fossils were not found before 
readiing Bhosna, where some fragments contained BeUm/niiea. 

Beyond this village, coarse white, purple and brown sandstones in 
thick beds come in, still with the same dip and apparently underlying 
the marine beds of Dhosna. These rocks resemble those associated with 
the coal north of Bhooj. To them succeed, still apparently in descend- 
ing order, ferruginous beds with marine fossils. The low southerly dip 
is constant till within two miles of the Bunn, when the beds with marine 
fossils turn shaiply over, and dip to the north-east at from 10*" to 80*. 

Just south of Jooria, there is apparently the same anticlinal: beds 
abounding in marine fossilB dip at very high angles. 

Veiy little rock indeed is seen along the Bunn from Jooria to 
Charee. The low lying tract traversed is a portion of tie Bunnee 
(which has no such definite boundaiy as is represented on the ntep), and 
appears to be alluvial. 

Gboree is the locality whence a large proportion of Captain Giant’s 
fossils were obtained. The villagers showed me the spot from which 
they were taken: the beds are of calcareous sandsfame^ dipping in a 
setti-cirole from a small trap hill, oalled Elixa hill, the geneni diiedum 
being to the east. Marine foanls an vary numoous, seversl lands of 
JmmcmUB, BelemniieB, and forass of Osins#, PMMn 

mya, EkyncAoMlla, being ooBSpiQBoaa* 
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, nbe of tke heio is horn 10” to M”. Zh^ pMi^ ippkMrtl3r« 
tuidor a wies of bedsj betwoen Oume and Jogoo Axal, in triikdi otaiiM 
OmsIb are Bcaroe> though occasioiially ooooiring ; the maas of tiia bedi 
being nrhite uid brown sandstones with variegated sandy clays. Frag^ 
mentaij^plant remains are met with in shaley beds at Jogee Aral. 

From Jogee Aral, I visited the trap hill Denodur, called a vdlcano.* 
Thence to the southward coarse sub-horizontal sandstones prevail with 
numerous isolated hills of trap, apparently intrusive. At Kukkurbit, 
I found, at length, in some carbonaceous shale, vegetable fossUs su6B- 
ciently well preserved to be distinguishable. The following could be 
recognized : — 

CYCADM.^Palitozamta Cutrhi>7is%% Moms . very abundant. 
acutffoHum, Mon. 

Bengalmsiit, Oldham. 

Comv^TUZ.^^Bra^hjfphylhim / t 7* common 
Throdites f sp new. 

Small Wafchujk like fttemB (perhapa L^copodttcs affinis^ Morris). 

Filicbs.— hp, fro^entary, (it may bo T. ovaltn), 

Sphenopteria / ftp common. 

There is no change in the rooks south of this, until the traps are 
reached just south of Seesagud. The latter are'' precisely the same there 
as further to the east ; they dip in the same direction, and must be of very 
nearly the same thickness. At Syree lateritic clay comes in resting 
upon the trap as at Asamhya. It is conglomeratic, containing fragments 
of trap, scoTiaceous lava, sandstone and clay. Above it are yellow and 
brown days, all more or less ferrugmous, and white sandstones with 

B It is really a mass of intrusive trap, and may be the nudeas of aii*old volcano^ but 
moat certainly it is not a volcanic cone, and the stories of its having been in a vt rSte of 
enq^tioiL in 1819 are fictions. Captain Qrant, altbongh he considered Denodur a volomob 
diabalieves these talea 

t It ia 1 think, possible that a badly preserved specimen of this plant nuy beve bemi 

tlW JlicMstdicfiolpeiiiccf Morria Qeol. Trana,findSer.,yoLIl,FLisi,fi%.7. Itdom^ 

rilemlilaB a species eqioally aiwndant in the Jnhhulpoor beds end may ha IdeatkaL 

h 
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teiogiaous bands, and a little Auther south, at Badye, CmestonsB 
•ppear containing’ fos^s, chiefly Peeteiu and other bivalTes. No mmm 
muHiea were met with. 

Here alluvium comes in. Indeed^ no continuous section was seen 
except close to the trap. 

4 . — Discussion of results, Jurassic beds , — will be noticed 
that the general dip of the beds throughout the portion of Cutch 
traversed is^ as has already been observed^ to the south. There is 
much local disturbance^ but no indication^ so far ael was seen, of any 
great laultitig. Still such may occur^ and may so seriously complicate 
the beds as to render all* conclusions as to their relations uncertain. 
But the dips are, in general^ so steady, and there are such large tracts 
of the country free from any important disturbance, that I believe 
perfectly sound deductions may be made from the observations above 
detailed, and that no great error will be incurred by viewing the whole 
north and south section of the rocks exposed from the broken anti- 
clinal on the banks of the Runn to the alluvium near Mandavee as a 
simple ascending series of beds. It is particularly worthy of notice that 
no great and sudden change of mineral character takes place anywhere 
north of the trap boundary, such os might be expected in a break of 
sequence between murine and fresh water beds. 

The lowest beds seen in Cutch appear to be the marine fossiliferous 
beds of Jooria and Charee.^ South of Jooria these distinctly pass beneath 
the white and brown sandstones of Bakria and Dhosna, the Charee 
rocks pass upwards equally clearly into the plant-bearing series of Jogee- 
Arul, and the fossiliferous marine formations of the Eatrore hill and 
Charwar range dip steadily beneath the Zamia beds to the south. So 

a The beds of the ishmds in the Bonn, the Pntchnm, and Koreer, ihowii in Geptein 
Grent'e aeotioni to dip to the eouth, may be lower tium the Jooria beds, bat they are wdl 
knovm to be marine, and are tepresented aa snob in Captain Grant*! mapb I had not tfaaa 
to visit them. 
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hr, then^ from Captidn Oraat bebg comoc in oonsidering ^ imJalie 
mAnne beds the newest, they most distinotly dq> everywhere iMmeath 
the Zemia beds. Bat there are many indications that the Zamia beds in 
plaoes dip under marine fossiliferoos deposits. It has been shown that 
the saddstones of Bakria, which seem clearly to underlie the marine 
beds of Dhosna, precisely resemble the beds associated with coal at 
Toombo- in mineral character; and the rocks of the plain of Bhobj ap- 
pear to underlie the marine strata of the Charwar hills. There is, 
however, one possible cii:cumstance to be borne in mind, that is, that 
there may be a griMit fault with an up-throw to the south along the 
north scarp of the Charwar hills, and that the marine rocks of the range 
may be simply those of Jooiia and Charce brought up again by that 
fault, and in favour of this view there is the evidence of disturbance 
to which 1 have already adverted. I think, however, if thia were the 
case, that the range would be better defined, and that better evidence of 
the fault, which would be some thousands of feet in throw, would bo seen 
in the excellent sections of the rocks exposed at the base of the hills 
south of Bhooj. All that I saw in the way of disturbance did not 
appear to indicate any such extensive dislocation. 

The whole evidence, I think, is in favour of the intercalation 
of the marine beds with the Zamia-bearing sandstones and clays, and 
of such intercalation being more frequent towards the base of the series 
than higher up. The position of the band of fossiliferous rock of the 
Charwar range, thinning out both to the east and west, as represented 
in Captain Grant's map, is in favour of this view. The general 
strike also favours the idea of the marine beds north-west of Bhooj 
replacing and representing the sandstones associated with the coal 
tp the north-east. It is true that both of these may be explained by fault- 
ing. But there is one circumstance which should be mentioned, as 
it added strongly to the evidence upon which I founded my opinion 
fif the intercalation of the two groups. Captain Shortt, the Political 
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|i 4 {ink «!b Jffibooj^^to whose kmdness sod assktsaioe 1 was much mdebteft 
&r aid in traversing the country , — gave me a slab of ferruginoas aand*- 
stone, containing Osfrea Marfiii and other marine fossils, whidhhe 
had found forming part of a bed close to the town of Bhooj. He took 
me to the spot, but we did not succeed in finding the exact stratum, the 
rocks being much concealed^ by sand. However, sandstone preoisdy 
similar in appearance^ although unfossiliferous, occurred in other beds 
(dose by, and they were unquestionably intercalated in the sandstone 
and shaly beds of the plain on which the town stands. These beds are 
marked by Captain Grant as belonging to the Zamia-bearing series, 
and 1 believe he is perfectly correct, as they have the characteiistio 
mineral character of that formation. 

But even if the apparent intercalation should prove, on closer 
examination, to be due to faulting, 1 still think there is every probability 
that all the rocks, both marine and Zamia-bearing (the last being pro- 
bably fresh water) belong to one general series, the age of which is 
clearly marked by the maiiuc fossils. The sole argument of any weight 
alleged by Captain Grant in favour of the more recent age of the 
marine beds was certainly founded in error, and I cannot help thinking 
that Captain Grant may have betm misled by his memoiy, when he 
wrote of the greater general horizontality of the marine strata, when 
(K>mpared with the beds associated with the coal. Of course my observa« 
tions having been veiy much less extensive, I cannot speak veiy posi- 
tivdy, but amongst the places 1 visited were all Captain Grant’s principal 
fossil localities, and at all of those, singularly enough, the nuurine beds 
were much disturbed. At Choree, as I have shown, the most fossiliferous 
beds dip at 10^* to At Jooria the dip is 30°, and even more in places, 
and there is a sharp anticlinal, and, at the base of Slatrore hill, 1 found 
Oeirea and Trigoma abundant in beds dipping at from 60° to 80°. 
^ Now the usual dip of the Zamia beds does not exceed 6° ; doubtlesB, 
they are disturbed in places, and dip at high angles, but^tiie 
( 88 ) 



Of OOfOB. It 

♦ . 

mm» w« nave aaowiif exhibit quite ae nmdi evidme of 
eohieqiie&t to their fonoatkni. 

From the list given above of the fossil plants founds Knhfaiibit, 
it will be seen that there are some identifications^ not previously hnown^ 
with the flora of the Rajmahal beds. All the three Palaos^amla are found 
in both series^ and of the two fems^ both are^' probably, identical with 
Bqjmahal forms.'^ 

Of the age of the marine fossils no question can arise. A veiy large 
proportion are well known and typical European species, the remainder 
are closely allied to European forms, the greater portion being charao- 
teristically Lower Oolitic. My collections contain several specioa not 
mcluded m Mi. Sowerby's lists of Captain Gi antis fossils As, however, 
1 hope Dr Stoliczka, who has already examined the collections made •by 
me, will give descriptions of them, and as he will, doubtless, treat the 
subject of their representation in the European formations at length, I 
shall not dwell farther on the subject. It is possible that some of the 
marme intercalations may difiei in age, and that the beds of Katrore 
hill and the Charwar range may be rather more recent than those of the 

beds bordenng the Bunn. 

• 

Before concluding, a few remaiks may bo made upon tho other 
formations of Cutch. These are the tertiary beds and the nummulitics, 
the traps and the newer alluvial deposits. 

Tertiary beda and Nummulitics , — ^It has been diown that the terbary 
beds, north of Mondavee, rest upon the traps, and that thqr contain 
rolled fragments denved from those rooks. The junction is doubtleas 
quite unoonfoimable. In the part of Cutch which was traversed, no 
nummuhtic limestone occurs, so that the relations of that rock with the 

* Tiieie bang only fbnnd in gmaU firagmentf, a poiitiva idontificatioii baa not been 
poaribk^ bat, ao ihr aa tiiey so»bhe probability la that both am Ideatiod with Anna oe c on in g 
ta tdba Bi^nahal boda 
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of Captain Omnt oonld not be detemined. Hie 'tertiaiy 
lil^*'‘‘nrete distingnuhed by Dr. Carter, in his Summary of the 6eol<^ 
India, as Miocene, but Messrs. D'Arohiac and Haime in the " Fauna 
Kummulitique de Tlnde^^t ^ Tertiary beds^ and Niunmnlitic 

limestone as Eocene^ and show that, in Sind, the fossils of the one are 
IKKX>mpanied by the Nummulites of the other. Dr. Carter, in a note to 
the second edition of his ^ Summary^ in the Collection of Geological 
Papers on Western India, p. 743, accepts the same view. At tbe same 
time, Messrs. IVArchiac and Haime]: point out the probability of a 
separation of the Eocene strata into different sub-divisions, characterized 
by distinct fossils. 

The circumstance that all the fossils described by Sowerby from 
the nummulitic limestone appear to have been distinct from those found 
in the (non-nummulitic) tertiary beds of Cutoh, renders it probable that 
some division may be made. But this must await further examination.^ 

Traps , — I have already stated that the basaltic rocks of Cuteh are 
perfectly identical in mineial character \vith those of Malwa, Bombay, 
and the Deccan^ that they are bedded and consist of a series of flows, 
unquestionably, as I believe, sub-aerial in their origin. Tho chief point 
in which, in Cutch, they are distinguished from the trap flows of the 
Deccan is in their aggregate thickness, which, in Cutoh, appeq!|p$ to be 
about 1,800 feet. II In the Deccan it is only known that it greatly exceeds 
twice that thickness. Whether the diminished amount is due to the 
denudation undergone in Cuteh previous to the deposition of the tertiary 

* At the time that Captain Grant wrote, nnmmuUtio limestone wae generally oonaidered 
pre-tertiazy. 

tPp.868,859. tLe.p.85e. 

§ It will be diown that there is probably a difference between the upper portion of 
aeries of beds newer than the traps, and the lower portion which is associated with nnmi 
llmMtone near Sant» and thia d^tlnotion probably holids good elsewhere. 

|l Their onteiop extendi over four miles of country, and thiir dip averagai 6% 
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or ^hetW the traps were origisaUf of amallar votMl QslMtt 
in this oonutryi is a snbjsct on whioh no opinion eai^ be at pnspt' 
evpressed. 

^ • 

Sa far as my examination extended, the traps rested upon the iwnM*> 

* sic beds. * If any traps are interstratified with the secondary formations. As 
Captain Ghrant states,^ they must belong to a distinct series from the 
Deccan and Malwa traps, and consequently, — it I am correct in identifying 
the two — from the pnncipal masses seen in Cuteh, for the Malwa traps, 
as will be shown in a future paper, rest unconfonnably upon the middle 
' cretaceous beds of Bagh, and mu^t therefore be of much later age than 
the Jnrassics of Cutch. 

Throughout a portion of the Jurassic area, as shown by Captain 
Grant, small hills of trap abound. They appeared to be intrusive and are 
very probably the nuclei of outbursts of the Deecan and Malwa trap 
period, and from them may have proceeded tlie lava flows which intervene 
between the Jurassic and Nummulitic formations. 

Alluvial BepoBiU, — As in many other parts of India these fringe the 
coast which is said to be constantly gaining. The most important 
development, however, of these deposits in Cutch appeared to me to be 
the Bunn, which I am disposed to consider the bed of an inlet of the 
aea filled np by the accumulation of detritus brought down by the 
rivers. It is just at present in the debateable state, water part of the 
year, land another part, but every year must increase the height of the 
land surface, and consequently diminish the depth of the water at the 
period of the overflow. Of course the whole may be an area of depres- 
sion, but fiirther proofs of this are necessary than the fact of a amiJI 
portion having been sunk, and another part raised, by the earthquake 
of 1819. 


• Qedlogicil Tnms., 2nd Series VoL V, pegs 812. 
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6, CbMAoMM.— 'It onfy TeniMQB to point out UUO |/AUAVI^W WUP 
dliiCMns at which I hare amved. I^ese are— * 

That the lowest beds seen in Cutoh were Juraario marine heds« 
and that these were beneath beds containing Pakeozamia. 

2nd , — ^That there are good grounds for supposing the marine Jurassic 
and the Zamia-bearing beds of Cutch to be intercalated, and that there 
appear even stronger reasons for believing them to belong to one general 
series. The only doubt as to their intercalation arises from the possibility 
of repetition by fruiting. If not intercalated, the marine beds are 
certainly the older. It follows as a corollary, that all beds in India con- 
taining Palaozamia acutifolta, and P. Cutckensis, in other words, those 
belonging to the Kajmahal group of the Survey classification, are of 
Jurassic age, and probably. Lower Jurassic.'^ 

3rd.— -That the Deccan and Malwa traps extend as far to the west 
as Cutch, and that they there rest upon Jurassic beds and are covered 
unconformably by nummulitic formations. 

A sketch section is appended, which, if compared with that given in 
the Geological Transactions, will illustrate the differences between my 
views of the geological structure of Cutch and those of Captain Grant. 
On the accompanying map of the portion of Cutch traversed by me, the 
geological lines are from my own observations. These agree closely 
with those given by Captain Grant. 

« 

* Bee Appendix. 
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APPENDIX, 


In •the preceding pages Mr. W. Blanford has detailed the obeerra- 
tions which have led him to conclusions, regarding the geological incdes* 
sion of the beds containing marine fossils identical with those occurring 
in other countries in the Jurassic series and of the plant>*beariDg beds 
found in the same area with them in Cutch, exactly the opposite of 
those to which the examination of the same district had led Captain 
Grant in 1836. 

That obhervcr believed that the ' sandstone and ooal^ of his classifica* 
tion were lower in position and older than Ins ^ secondary * limestone and 
shale, in which he had found abundance of oolitic ammonites and othef 
fossils. He believed both to bo of the same general age, 'oolitic,' but his 
desenption, though not at all definite, led to the idea that there had 
been a considerable interval of time between the deposition of the ' sand- 
stone and coal ' series and the formation upon these of the ' secondary ' 
limestones. As pointed out many years since, there was, however, much 
doubt still remaining on this point Mr. Blanford's more recent researches 
have led him to believe that in places these plant-bearing beds are in all 
probability actually intercalated with the marine fossiliforons deposits, 
but that if not so (which is possible), they certainly are younger than 
these marine beds, not older, as Captain Grant had represented them. 

The age of these marine fossiliferous beds was defined at the time 
of the publioatiun of Captain Grant's researches (1837) as dxmt 
that of the lower oolite of England, 'the whole series of molluscous 
zemams indicating a. period extending from the corubrash to the great 
oolite.' Such was the accepted view of all who had examined their 
relations. Mr. Blanford's small collections^ although bis veiy brief visit 
did not enable him to devote much time to sndh purposse, have added 
' ( «» ) 
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jiMWl iftportiimt «vid6D06 to ihat almdy knofWQ^ ond we therefore give 
IKM w complete list of all those epedes obtained by him which admitted 
specific identification. Such as could only be determined genetically 
have been omitted^ as being useless for any putposes of oomparisom 
Specially oharacteristio species are marked with anf^ while in a 
separate column I have given other localities in India^ where several 
of the qpecies are known to occur. 

JAst of Fossils eolheied m Cutch by Mn. W. T. Biakvoiu), 
determined by De. F. Stouczka. 


Kahx. 

Locality in 
Cntch 

Other Indiea 
localitiee. 

Bdemnitet oaBaLcolatoB, 

n yar. Beasmiu, lyOrh, 

Charee 

Charee. 

Niti Spitu 
Salt-range. 

Nautiliu hexagonaa, 8omrhy, 

Charee. 


AxnnumitoB alatiu, Straoheif, 

Charee. 


0f 

anmgei. Sow 

Joona 


M 

artbritictia Sow 

Katrore Hill 


W 

Bnukenndgii, Sow 

Eaiiore Hill 

fi^tu 

90 

4»lvi]B, Sow 

Charee 

Shapoor. 


00 

coirngatus, Sow. 

Charee. 


00 

dephantumi. Sow. 

Charee. 


00 

flitiUf Sow ••• ••• ■ ■ ..t 

Charee. 


90 

formonu. Sow, 

Charee. 


90 

Heryejif Sow, ,„ 

Charee. 

flalt-nmge. 

•99 

ignobilu^ Sow, ... 

Charee, 


m 

EndamatieH Emmt. 

CaSuree. 


m 

inaerooeiAialiia Seilotk, ... 

Ghiiree. 

HcvaL 

ssssasM 
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Kajo. 




Laoalitpia 

Cutcn. 


• ^ 

AnunonitAi nu^ Sow, 

••• 

... 


Charae. 


„ opu, Sow, 

... 

• • 


Charee. 


n Potiiiigeri* Sow, 

•• 

... 

•• 

Charee. 

KatroreHUL 


„ SabineaiMis, Qppel, 

... 

... 

... 

Charea 


„ SpitienBia, Blam^ord^ 

... 



Jooria. 


n toiqnatoiik Sow. (non Blanf.) 

... 


Eatrore hUL 

t 

Aptychns lomdloBOB, SeAhth. 

GA8TSOPODA. 

Amberleya capitanea* MunMter, ep, (Turbo). 


Jooria. 


Fleurotomaria agathis, Betl. 

... 

... 

... 

Jooria. 


IWhna bellona. lyOrh, ... 

Fkleozpoda. 

... 

... 


Charee. 


Aataite oompresaa* Sow, 

.. 

... 

... 

Jooria. 


„ piaifomu^ Sow . ... 


... 

... 

Charee. 


M rotunda. Sow. ... 

... 

... 

... 

Jooria. 


M biemalfa, StoUeaSa, 

... 

... 

... 

Charee. 

t 

AfienIkiiiaqninaA «»'• «. 

... 


... 

Jooria. 


Gorrilia acuta* Sow. 

... 

• •• 

... 

Jooria. 

t 

Tjlaii|i«, iCwlliiA ,,, 

••• 

•a* 

... 

Charee. 


Hjytilaa ftiroatiia, Ool^, 


•a* 

... 

Charee. 


Nuenla ouneilbnnia* Sow, ... 

... 

•.. 

... 

Charee. 


M tanulatrial^ Sow, 

... 

aaa 

aa* 

Gharea. 

t 

0|bdBllfa.«)m ... 

... 

a«a 

aaa 

Jeerfa. 


CMmni caiteala* XwaAi. 


... 

... 

Ghaaaa. 

M 

teWQati^ MIolA 

•M 


... 

CbeM. 


caestetittiaBsi^ 

CMteXsalHt 

looiSliM* 


Bpiti : KitL 
Spitt: Hitff 


KibtMT. SpStL 
OHennud* 
TtealigFlui!* 


SpitL 
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Idsi (f Fossils eolheteA $n CvTcn,^^0nilnued, 


Naxs. 

Locality in 
Cutob. 

Other Tndian 
localitiea. 

f Oftrea grogarea. Sow. 

Charee. 


„ Sowerbiana, Sronn, (ap EeyaerUng) 

Charee. 


f Fholadomya inomata 

Charee 


f Flicatnla flabeUifonnia, Sow, 

Charee 


„ pectinifonniB, Sow, . 

Charee. 


t *Trigoiiia coatata. Sow 

Charee. 

Qieamal. 

„ puUuB, Sow. 

Jooria. 


Bbachiopoda. 



t Bhyn^ondla concimiBy Sow. 

Charee 


„ XDBignis, Sow, 

Charee. 


„ Moneri, Desh. 

Charee 


„ obaoleta. Sow. 

Charee. 


t Terebratula biplicata. Sow 

Jooria 


f „ cannato. Sow 

Charee. 


f „ Sella, Sow 

Charee. 



As it 18 hoped that only a short time will now elap^ before the dis- 
triot of Catch can be more carefully and more widely Acamined^ and more 
Actensive collections made, any attempt at a full discussion of the rela- 
tions of these beds to European groups had better be deferred. Taken as a 
whole, the Cutch beds form a group which is obviously on the same geolo- 
gical horizon as the * Dogger’, corresponding principally with the Sajocien 
and Bathomen^ and partly with the Callovien of European Gbologists. 

The geological age of the marine fossiliferoua beds may thus be 
accepted as tolerably defined. If the plant-bearing beds be really in- 
tercalated with these, as Mr. Blanford thinks probable, the age of the 
latter must also be accepted as defined. But nnforinnatdgr this point is 
( 36 ) 
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still left mideeided. Id say eaia Mr. BMbrd Akka iC efei* OnA it 
not intercalated^ they are younger than these Dogger* beds. f!Us bettg 
established, it follows as a matter of oovne that the argmaent si to 
their probable age, based on Captain Gtant's deseripticKns, frits^ and tliit 
the relations of these beds in Cutoh prove (not, as argned by me itt 1889^ 
that the plant beds were 'not more recent than the lower oolite/ bid^ 
that those beds are not older than the lower oolite. Thisois sol iaiifMtt* 
ant step. 

The identity of the distinctive and most abundant fossils of tbe^ 
Eajmahal group of Bengal with tiioso occurring in these beds in CnUft 
was shown so long since as 1854t and again in 1860, and the necenH^ 
for at once admitting the same age for both established. Nothing 
whatever to invalidate this has been since discovered, and whatSfiSIr 
geological horizon be established for the bods with plants and ood 
in Cutch must be admitted also for the Bajmahal series of Bengal. Tbis 
was then (I860) shown to be decidedly pre-cretaceous, and now it is diowm 
to be, if not really lower Jurassic, at least not older than the lower ooUteb 
1 am not aware that any writer has viewed them as other than jurassie. 

Mr. Blanford (p. refers to the beds in the Nerbodda valley at flsM 
supposed to be equivalents of the Rajmabal beds of Bengal and MsdflS^ 
There is strong reason for ihinkiug that this supposed equivslenoe in 
not supported by the fossils. It was never strongly insisted on | it wss 
said that these beds contained " many forms not represented in Hm 
Rajmabal group/^ and with similarity in several, identity of <mly PSW 
was stated.]: Our specimens are few, and many not very well preserved^ 
and until further research has been undertaken in the Jid)balpoor ee wmfa yv 
1 cannot admit, as established, the equivalence of the JubbdfNKW bidit 
with the typical ' Bajmahal’ group. 

Since the publication of my sketch of the ' geologksal sdatiSM sd 
the rock systems of Central India and Bengal in 1880, the oceniykwy 

• Mem. Geol. Survey, India, II, S22. ^ 

t Jour. As. Soe., Bengal, XXllI, S72, 1854. 

{ Mem. Geol. Snirey, India, IJ, 8S4. 
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of lodn^f mme general oharacter as those described has^ in Southern 

IlBjd|a,^ been trsoed from the Trichinopoly district northwards for more than 
dti^giees of latitude. These rocks invariably occur in small isolated 
^ l^atdbes^ all but denuded away^ and resting on the uneven surface of the 
jriold cQrstldliiae gneiss and other metamorphio rocks. Their identity can 
^ almost every case be established not only by the strikingly constant 
wrinaml chara^jer which they present^ but also by the almost invariable 
^yaCftoe of plant remains of several species^ clearly identical with those 
file typical Bajmahal beds. Every things therefore^ has tended to 
Sf^bstablish the conclusion arrived at in 1859^ that these South Indian beds 
^ were unquestionably of the same geological age as the Sajmahal group. 

, Andj if this be established by the researches in Cutch to be lower Jurassic^ 
the Madras Palssozanua-beds must be admitted to be of this age also. 

As I have just dtated^ this has not yet been definitely ascertained ; 

^ all that is proved is^ that they are not older than this. Captain Grant 
originally thought them representatives of the oolitic coal of Yorkshire. 
Moim, when first describing these Palasozamia, pointed out the great 
latemst attaching to them from their striking analogy with Stoucsfield- 
slate fossils. D’Archiac (Hist. des. prog. d. 1 Geologic^ Yll^ GSt) pointed 
out the confusion in Captain Grant^s description^ but accepting his siate- 
znoats referred the plant-bearing beds to the Loiizou of the Mower sand- 
atone and shale ' of Phillips^ divisions of the oolite^ and the same lower 
juxassic age has been accepted as established by several subsequent writers. 
It is not improbable that further research may fully establirii this con- 
clasion. But there are several curious anomalies in the fiora of this 
Bajmahal series which prevents my admitting this ago as established up 
to the present. I should prefer leaving the point open^ admittmg only 
ItSiis general conclusion, that the Eajmahal series of Indian Geology must 
lie between the bottom of the cretaceous system and (? the top of) 
the lower Jurassic group. 

T. OLDHAM. 

JMruary, 1867. 
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I. Graniui. Tofoou^RT. 

The River Bokato, whoee vall^ extends Uong the foot of the sonth* 
em eearp of the Hazareehag^ plateaa, gives its name to this coal-field. 
Mr. Williaffls, the first who ever geologioally examined this portion of 
the h««" of the upper Damoodah. oonfiwied the tillei for the reason 
that the River Bi^aro flows for a distance of S7 miles through the 
field, and IS the stream of greatest importance Inining the area to 
«hich this report lefiBis. Perhaps it would have been better, however, 
if he bad c h«»«" the nameof the loftj hill of Loogoo to indicate the field. 
Standing, as the hill does, in the middle of a and rearing its 
summit far above aa^ other eminence m the 
neighbourhood, it is tk most prommant natural 
olject which meets the efe for miles aromd, and could new foil to 
attract attention to its^. 

MaB.aML80fijo(Inlb,V4.TL,Altfo ' 
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^Elie portion of coontay occupied by the Bokaro fleia is com- 
prised between 85** 80' and 86** 10' east longitude, 
yadtion of iidd. £3^ 60' north latitude, and covers 

an area of 220 square miles* Its greatest length is in an east and west 
direction, and is about 40 jmiles; its maximum breads &om north to 
south does not exceed 6} miles. 

The boundaries are distinct and well marked. Bordering the field 
to the north is a chain of hills composed of gneiss 
3o^darieB wdl maAed rising in Some instances to a height of 8,000 feet 

hjf hiUst 

above the level of the sea. This contmues unbroken 
boat, the eastern to the western extremity of the fidd, and then sweeps 
xoqnd, taking a north and sonth direction, catting off the coal measnres 
on the west. This chain is not an independent one, bnt is connected 
.with the Haaaieehagh table-land at intervals, where the activity of the 
dennding forces has bMn less than-at other places. " 


The southern boundary itf fonned by another range of hills; not 
nearly so ’eonspicnous and elevated a chain, however, as the northern 
!«aB. 

The physical-, appearance of the area constituting the field i?, in 

Pl^doal nnifitTBiMWi ™8in, of that type which repeated confirma- 
tion over a large extent of country has now 
lished as invariably characteristng those regions occupied the true 
ooal-beazing strata and their associated rcihs. The Taldiir, the middle 
an^ upper divisions of the Damiida Series, and the Lower FSnchdts, 
pifiirmly pcoduee a levd snr&ce, whilst the Barfikar or lowest group of 
the Damtida Series, and the Upper Pandidts, as constantly give rise to 
fioBsnve hills, and lapd]^ sooceeding hillocks and dal... 

. * T!^ qieoial fisatwe of eaoh formation is in this fidd admirably 

(^bito4, and the wide eopaase of the main body of the coal measures 
jt'jSMtrasts finoibly with the imposing mass of sandstonfs a»»d conglome- 

iP) 
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i*tM ift Upper Pteushte ouutitatiii; Locipto HiD^ ivUeb efanAl eub 
boldlj in the middle rf tiw 6eld, difidiBg» il int6 tire iwerly e^pHlI, 
portioiut 

Noihisg can mote fhUj impreee tlie jgeoliigiali witb m adeqaete 
■enee of the immenM power of liveroer^n tben'thie hilfi. ExhiMting 
to view* an aoonmnlation of 1,500 feet of eedimepteiy etmte, elbora Um 
level of the Bokaro and Damoodah Bivera, we have thia enonnoea think* 
nesB rqfneaenting the ariatmam anuamtof degrade* 

lleoiufE of degndaliioiu 

tion ivhich this area has undeigona The appear- 
ancse of the hill is bold and pictaresquep presenting on all sides dbm;^ 
precipitous falla. A great charm is added to its scenery by the numerous 
deep and narrow gorges that exist in it^ through which purling streams 
find their way ; and the monotonous stillness around^ so eminently dis- 
tinctive of Indian jungles^ is broken at intervals by the many IktlS 
noiqr cascades which rush over the edges of the massive beds, Wherever 
there are sudden falls in the level of the stream-cburses. ' 

The whole country is well Wooded; end gmat stretches of rich 
foliage occur. Loogoo Hill, and the higher peaks of the Hazaleebagh 
table-land, furnish much excellent timber ; and so bride is the demand Wt 
present that the most inaccessible crags are sdaledf in order to procure 
the smoo and adl, which are the two varieties of trees most soo^t 
after. A considerable profit accrues to those z^ndalS who, for- 
tunately for themsolves, possess tbs right of«fdIing timber ; but the 
indiscrimmate manner in which cutting is being oanisdon isVsiy 
much to be regretted. 

The drainage of this area is efiected almost entindy bjT the Bob|ro 
Biver, which falls into one of the prinripal tributa. 
*^********“ ries of the Damooddi~tba Keonar. This latter 
sbeam passes throi^li only a smdl portion of the eastem part of the 
fields and joins the Damoodah opporite the Tillage of Khtoour lisgsolQ- 
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inteMti itjiiuned bj tb« jmperfedioB of its flection^ ani^Jte almost 
y*» T iW of any exposors of coal along its banks dimimahsii its 
jsq^oiiiaaee for cnir fnipose^ 


13m ptiiMipsl tivsr is foot is the Bokaro ; and its northern and 
• sonthem water-sheds are the only ones in oonneo- 
tion witii <he physieal geogta^y of the "distriot, 
wliicih exchuirdy (or nearly so) bdong to the field. The northern 
water-shed is identical mlih. the outer scarp of the Hazareebagh table- 
' landj of which Jeeloonga (Jlldnga) Hill is the 

Wat«r«if4i% ’Wghiegt point. The largest body of water fur- 
nished to the ’Bokaro b derived from the area to the north of it. Its 


feederSy-hesnfSet; are few and small, drying up at the commencement 
of the )BOld weather, «» that the Bokaro never contams any large volmne 
qf *water, except during the rainy season. 


13ie southern water-shod b very fiiintly indicated (if we except^ 
Iioogoo Hill) by slightly rising ground between the tme river valleys of 
the Bokaro and Damoodah. 


Them u a superior intsrfist attaching to thb area, as compared with 

the jHierria Dutrict, from the fiwt of the deve* 
(Mneral geokgjr. *. 

> Jopment of a higher senes of rocks, and fonn the 
discovery of, and oonfirination of, apparently nnoonformable overiap 
betweenthe sevoal groups andformations which occur here. Hitherto 
our dassifioation haa been in a ^teat measure one dependent upon 
lithology, although not pordy so ; and it u a matter of congratulation 
that thi8.is.now home out by collateral evidence of a less arbitrary kind. 

The a{«a ortupied by the Add b excessivdy narrow. Coinddent 
with thb, we find titat the strata ooenrring within its limib are highly 
disturbed in 'many [daoee, and that flexoting and ibaltij^ exist to so 
large an lodeat that the stiafilgbi|hioal relstimm of the beds become 
gieaitly oonfoaed mid complicated** 

(«> 
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■iv» WBtortkau and inrfiMticiM of the itmtii, taf <<bo fiMAtiHg* tbdto*' 
with ooaaeetad aw dne to the looaUadaoa of jMS^gb 
gai$nfy of nnabmoe, to wide ■ptead finroea. !Elw nma of q(haita>lwMDia* 
•tiuongli the metomoipluo oeria% indicating jhatt^waMfoanb^litflaw 
time within the limitB of tiie ooal moaanioa, aKhoqigdi jwr ftr ootada 
their honndaij, and no donht ilie {neasan dnriag tha faded of 
the formati<m of theae fiuilta aided nuterialljr iOr pn-deteimiDadi *131000 
derangeinenta of which we ahall qiealc in the felhwwng ^lllgaar*linim' 
endeavoniing to leaolve aome of the diffloultiea which heaetaareladiaa 
to the boundariea of thia fieldf wemnat oonatantly bear>in niitd the 
aeoondaiy effeota doe to local oompresdtm aeoompanjjng &nUe» ai wdl 
as those which are the direct resnlt of that active power to which 
ajdieaval and dqireasion of large tracts of ooontry are owing. 

The series represented are the— Taldiir,— Damdda^T'aQd Slaohdt; 
and I now propose to enter immediatdy into details M gavdmg their 
lithological characters, distribution, and relatifos. ^ , , , 


41. Talohir Sntia£il 

The area occupied by this aeries is limitsd in (he preaent field. 

Little patidxesciop Out every here and t&ere from 
TKWrSariM under the Bamddas ih the eastcm part of the field, 
displaying the well known characters ofthe formation. -The tiudmeBa of 
beds exposed in the various aeotions varies fiwfil a min i mu m of about 
20 feet to 100 feet andmore. Outlieta on the inetam<»iihie nob an 
nnmerons, and may be met with in any part of tb wimtij in the 
vicinity of tbfidd. The hilly nature of the ffwmid between Ooparimndah 
and Golnnpoor and the want of' detail on tiw mapa afaneat t w tin da the 
po«bi% of any one anooesafe^ indkatiiigWvaiy small aflBadarTBfahfeBj 


veiy few, however, I bdieve,bve eseape^.-deteOtioo, and even if thfg' 
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it matten IMe* aa ib^ ata probaUy onlf a few aqlate yards in 
IgplMli itnd oonaeqoentily mneh too minute to be laid down. Wiilun the 
ludn boundary of fidd, the Talehim are first met with near TRmmbee« 
Mpresented merely by the bottom-oonglomeiate, which here poBeeaNS a 
gretn matrix much more sOiceoue than argillaceoue in its composition. 

South of Feepradedi and fiom thence west to Amlo and Earo^ 
the pebble beds of the Bartkaie form two, and 

Borfktt MSlpBe 

sometimes thr^^ nearly parallel scaips at the foot of 
which the Taldiirs stretch near Ghepree; this series is better exposed here 
than elsewhere in the east of the field. The conglomerate bed still 
occupies its normal positionj and above it a light yellowish^ pale brown 
sandstone ocoors. * 


An iulier of metamorpbie rock is seen on the road from Dhoiee to 

Ghepree. The Talchirs to the north of it din 
Islior. * 

. away at aa angle of 25% but Boon become nearb 

horiaontal ; thoee sonth of it axe inclined at 8* and 10°. 

The line of boundary oarres much owing to the irregular mappCT 
in whuih denudation has ocourred. It is natural up to Chq>ree, and 
as fiff as Gh>binpoor, where a cross fault shifts tite roc^ to the north. The 
Talobirs, as will at once be seen ly inspecting the map, are overiapped in 
many places ; and west of the Koonar are only seen as outliers beyond the 
mun body of the fidd, until we approach the villages of ManiTn and 
Indra-Jarbah, where, owing ,to the removal of the overlying group, a 
vthidcnesi of about 500 feet of stmta of this seiies is exposed, and each 
distingunhing fsatnre is recognisabln. In the fioodah stream a typical 
section is visible : the oongbmerate undedying all, and then the 
days*(needlc>Bhalcs), and vary fine-grained sandstones sncoeeding. The 
naedle-dtaleB are not so oon^ic^ons as they were in the Jberria Fidd, 
and their place is in a great measure taken np by sandstone, 
to thnt Iwtioed near pbepree. 

(**;) 
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The Boodali anddee ie joiaed a tanbatatjf 'noiih of <9(iUBpoeC^ < 
in whidh iihe auidatoBee jortiBiHriaooed are eduUted j|hoM‘tdpfelibh&ab^ 
lie vanetiesirfooIinnvhichfluypraaentaireiiMMt abiklagj muj 
of them bong ribboaed, they prodaoe« when pn^etly mleelpd aad wdl 
.ananged^^a moat {deaaing effect. At present (1866) tfaeaeaandstniM aN 
being qnanied to a ccnuideiable extent for flooring-stonea ia Hie banaebs 
at Hazaieebagh. 

Mr. Williams, when speaking of the Taldhlre in this partof the fields 
assigns to them a thickness of 1,000 feet. This is far too mndh, the 
beds are rolled in several instances, and so become repeated.' The dips, 
generally speaking, are slight, bnt they vary up to 8”, 14% and even 26* 
near the boundary. 

The structure of the series is veiy simple, and agrees, on the%hole, 
with the section seen in the Jummoonee in the Jherria field. The 
following tabulation shows the order andeueccssion of the beds of which 
it is composed (aecending) '*** ' 

1. At the beie^ oonglometEte. 

2 Fine grained sondstonea idth oecaaional banda of oonglomerate, 

8. Fme-grained aandatonea, of Tarytug ookmrB, with interoalatad bcda of 
• needle-ahalea.* Theae make up neiriy the entire aeriee. 

4. Fine-grained aandatonea, and one or two eonglomerate handii 
6. Fine-grained ntaiaivdy bedded aandatonea. 

Some of the boulders m the conglomerate resting r^on the meta> 
morphios are of enormous size. One of the largest whidh I measoted 
was 42 feet m eirenmferenoe. Outliers oeoarbqyond the limits of the 
field in the western portion of our area, just as they do along tha 
northern houndaiy. They laidy oonrist of more than the oonghunemie 
which fornu the base of the gronp. 

The Ethology of the Tslehirs has been so often deeenbedi and 
their charaetets oo often dwdt imoo, that I 

BslsikiiB at UwTiUifis. . xt. vi. ji x 

have thought it quite aeedl e w to enter upon 

a repetition of fiuste wUh which those vdio have etadied Tadim 
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in emu a mj degiee aie adl acquMsted. Tbe 

of the TaldiitB, however, is a suljeot not yet worn oat. 
With regard to the ocm^tioM under whioh the series was d^onted, I 
wish to say a few Words, ss it has some bearing upon the view whioh we 
■hall take of the overlapping of the Talohlrs 1^^ the Damddas. , If both , 
series were deposited under rimilar conditions, it would scarcely be&ir 
to argue that overlap indicated uncoufonnity ; whereas if the conditions 
under which th^ were formed were distmct, we riiould have some 
Ttianmi fw ossuming this, even though we had not the direct evidence 
in a vertical section of denudation of the one series having occutted 
pievioady to the deporition of the other ; which would, of course, imme> 
diately settle' the question. 


The Dornddas are assumed to have been accumulated under nimilar 
eenditioBS to those of the coal measure^ of England. Possibly such may 
he the case. The Takhirs, however, are probably marine. Every dr- 
oumstanceis against their being fresh water dqtoeitB; the imnifinati 
area whuh they occupy and the continuity and constaniy of character of 
their beds bemg ciroumatanoes which tell immensely against the admis- 
sion of fluviatile conditions. Differing then, as these two series did, in 
their methods of formation, the overlap which we are so constantly 
masting with may be aasomed as anoonformable overlap ; or if we refuse 
to grant as much, we teceivb ^ as a basis fbr s^aratmg the 
tieserisf. 

> Seoidl £» frwnls was not Awarded, even by such unaatisfimtory 

' indi c ations a fruna as the so called Anndide 
Fkoui aodFlonw 

tracks: and of plants there was not the fiuntest 
tMwqblaace to a leaf at stem on any of the or sandstones. 


i4a) 


A few intrusiona of trap occur ; two near 
Cihepree, and one j^st of India. 



DAMUDA snm. 


Sekob. 

SEgaidiog this aniea tbera aie nenrfiMtsto be p^iABioat 

wbkli will be lugbly intereetimg to tboae engaged in namrdliBg its 

lelstionB to tbe fonnations osoally aasooiated with and the adatiow 

which its sabotdinste groupe bear to each other. 

* • % 

It already been assumed that the Damddas are onoonfoimable 

to the Tslcbits. Unconformity, however, also 

Unconformity. 

exists between the upper and middle divinons of 
the Damuday and again between the Damudaa and PhnchdtB. The 
evidence to establish unconformity between the Barikar and Blni« 

Evideiice rf imooa. distinct, and will tw 

fotttitjrUear. fyjy referred to when desenbing the stmoture 

of the countiy in the neighbourhood of Hosir and Sarum. 

Although a break has been discovered between these two sets of bedsy 

No break between ^ made OUt with 

Ironetonth and Baifikars respect to the Ironstones and Barfikars. Conform- 
ity exists wherever the two are seen in contacty and they appear to 
be closely connected with one another. 

The Upper BariUcars are invariably transition bedsy ironstones and 
carbonaceous shales being interstratified with coals. 

The division into Barfikars and Ironstones is nevertheless clear 

DiTirion ofliawtoiw lithological grounds, notwithstanding the 

and Barftan. existence cf passage and as fiu'na obawvn* 

turns bare gone, th^ prove that no oodl is ever found in the did in d Uy 
group. Coal stways forms an •sq^pcozimato bonndaiy Jfaie, and 
ahowa the ezistence of the Biurtka rs, whether we an engaged in 
endeavouring to aqaarate ita beda from those of die lislchlia bdow, ^at 
the Itonatonea above. t > 


Ibe chaoovery of planta haa been veqr Ihnited 
in all tiie gronpa. A ftw vaaetaea ^ppaaNd to 
indicate a more dost affinity with the ffissil flon of the IhldMce ffidd 
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Ibtt wifli tbat of Baneagnnj. No aniind lomuns have yet'tiiniibd up, 
ilUioiigii I devoted madb time to the ezBininalio& of locks which I con- 
sidered most likely to reward seardi. 

Sect. 1. • Thb Basskab Gbou?.— The pebbles beds of this group 
axe well devdoped along the northern boundary of the field, an4 in some ^ 
places overlap the Talcbirs and rest naturally upon the gneiss. Near the 
BLoonar Biver, they are more than 40 feet thick, and extend as far west as 
Qoohieea. A cross-fault accompanied by quartz then cuts them off, and 
the^ do not re-appear in any force until we reach Karopanee. Again, 
they are visible at Puchmo ; but I do not thmk they are continuous. 
West of BussUtpoor they are cut out by a fault, but south of Churhee 
we get them again. 

These conglometaios are a much more important band in this field 
than in the Jherria one, and thicken remarkably as they extend wes^ 
warda* Along the southern boundary there are also instances of these ‘ 
beds being exposed. They occur along natural and not faulted junctions. 

The character of the southern boundary is very mixed, and before 
proceeding further with the descriptive geology of the district, I will 
here discuss its value as well as that of the other boundaries. 

SauUern *There seems especial need to introduce the par- 

tial infiuence of faulting in the case of the main junctions of the coal 
rocks and metamorphics, as there are portions of the boundaries which 
cannot, be tmderstood, if assumed to be natural. The highly inclined 
angle at which the beds may dip is not always an indication that 
the atrata haye Jbeen faulted. The southern boundary is clearly a fault 
north of Fichree, and retains that character as far west as Angwalee. 

« Jlfw^this village tha fault runs inside the main boundary of the field, 

404* fh^t the junction between the metamorphics and ooal measures is 
% * 

V * fntto KwunpooM the wsst of pobiro FbM, ttes m Mine moUous 

wbi^ eqMto 7B fMt sf thsM 
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luAiiAL ooBglamerttM afc tbft htm til tii* Bu ir i Hi i i ftm # 
alight oleratioacttlittspotj and ate seen in Am river wMt of Angwnlie. 
Ihe dipa of the beda an ezoeeding^y high, being aamadi aa 70* mmI 80% 
bat natmthstaading thia fiuit, then is no proof of their having bean 
ahifted. Thia knowledge is important, audita applioatioq will bevriy 
naeful iif ei^laining some of the oomplications ngaiding the boanduj 
farther to the west. 

From Angwalee to Chnlfcame we find no faidt ezoqptang a meas 
one, which brings np metamorphics in the Damoodah. Between Chal> 
kairee and Khetko a boondary fimlt ocean dose to the flumer 
village , it hn a few feet of Baitkan to the sonth of k. In the 
neigfaboarhood of Khetko considerable distorbanoe has taken plaos, 
and the displacement ot the rocks is very appannt 

Firom this point the fault extends to the western eztnmity eS the 
field, without being thrown (as far as 1 could make out) by any cross 
ones. It skurts along the boundary, keeping jpaide the coal measures, aa 
far as the Dhurdurwa River. From thence it forms the aotnal boundhiy, 
but south of Teelaya it once more enters sedimentary rocks, and ke^ 
within them, until eventually it passes exdusively mto metamorphics. 

^Die occurrence of this southern fault, as I have described it, might 
be doubted, if only a cursory examination of the fidd were 
For instance, any one striking across the boundary near Khetko, and 
meeting the pebble beds would in all IQcdihood at onoe infinr tiiat 
no fault existed, the bottom beds of the Barfikars bring aeoi to nit 
aatomlly upon the gneiss. No displacement, rit is true, hm taken pinpe 
along the outer edge of the field, and the discovery of a natmal bofdtr 
wonld probably suggest a doubt as to the oeeurieneo of aiiy fiwlfin the 

immediate neu^bonriiood. Nearly due north of Lalpnimeea and vreat* 

• « 

wards firom there, no mistake can be made fs to the diacaotSi;^ of As 
, boundary. The upper bedspf the Lower ygmiMts ass found abutting* 

( 48 ) 



losAso ooMr-vmp. 


w 

1)m metamoTpluMj cileadj indiostang > tluow. Dontirla, lumever, 
ftriso on e xami n i n g ilie aeotion in the email atMun nrast of 
'Kodwa^ as we them find real and typioal Batfikar aandatonea near tiie 
edge of the,fidd. Beooeeding the river, the beds which at the 
bottom ate higUy inclined oontanne at tile name or nearly the same angle, 
and ftBwime all at onoe the eharactera of the Baniganj gionpi Uteae 
etiata are oonfonnaUe to those of the Barfikacs, and I see no other ex> 
plaoation which dears away diffionliies so easily as a firolt. TheBar&kars, 
then, at this portion of the border are rqiresented as being south of the 
finlt. In support of this view, the section of the Dhtlngnrdhugwa, 
another small stream, to the east of Kodwa, lends great weight. The 
Baidkars ate highly indined, but dip to the north-north-east, while the 
B&niguys dip to the north-west. This change in the direction of dip is 
Tory marked, and such a striking contrast manifestly indicates a fault. 
Of course it might be due tooverlap, but as we already have a fault, whic^ 
is evi^tly full of vigour, where wo lost parted with it, a contrast in 
strike occurring in the line which would be pursued by the continuation 
of that fault, is most probably owing to the only cause to which we can 
appeal after exduding overlap. 

South-east of Oosee, the extcnrion of the fault is slightly obscure, 
but west of that village, the evidence is dear. The limit of the field 
is natural to the north of Juggaysur, being fiiulted only locally onoe or 
twice, and for only very short distances. 

. W ttient bomukHy.^The western boundary is broken, but speaking 

hiosidly, it may be called natnraL All the ftnlte which occur ate ones 
^•{Isrslld to that described above, and none are north and south dii^lace- 
>ments or a]^toximatdjr so, as. they would be if the west border were 
Omtted^ * 

JVsrriiww 5o(mdBiy.«- ^ north edge of the fidd is the mixed eflhct 

tf pure denudation and fimltik la th» vidnity of T^pin Bmd{n, and 

■ 



lumuM ammi iwinwit 


1 *. 


Biflig«i^u»i^ witli tlN ymhui yaiWtijytK 

cMOr Mtstde, or oorih of, the fimlted jonetu^b Ewt of IblwtpDur, 
tiioltoimdaiyu sotnnl foro diort way^aad ihoBullEBn on fymi doof 
tbo bofctor. GIom to Paohuo, the findt onoo more oeti in, mid boldi 
•teadHy M&r aoGoomeea; beymidtbisTiUi^flMlxiiaidMyiethemldfc 
of simple denndatioiie 

Mastem iofsiAi/y-^The eastern limit of the field is only fiuilted 
near Tooreeo. North of this little hamlet^ the Baxflbxs SBid Taldhiis 
have not been disturbed. 

Coal in Bardhar There is nothing peculiar in the distribufioil 

of the Bartkars, which requires to be specially noted; and I shall there^ 
fore proceed to describe the coal seams of the group in the order in which 
they occur^ commencing in the east of the field. 


N. of Confining details for the present to the north 

nde of the Damoodah, the first river exhibiting coal distinctly is the 


Teoaroli nuddee. 


Teesrah Nuddee. The seam is better seen in » 
small tnbutary; it dips at an angle of i0° to 


tbe S. S. W. The large trap dyke, marked on tiie map os passing east 
of Fidiree, iijntes this coal. 


Coil DMr MukoolM, 


The oonntiy endosed between the ahova stream and the Bhnsl r e. 

^ joor ^ broken and exceedingly jungly, and the 

beds are not always to be seen. 

A bnmt seam oocnis within the limits of the Mnkoolea turM'J 
Hie dip is reversed in one plaoe, being nortb-easty , 
Coil new MukoolM, of possessiiig the nsnal eootheriy lie. Tho* 

road fiem Chqiree to Mukooloe crosses a nver in whieh an infinior mil* 
is exhibited, not exceeding two ftet in tbi<faieee. 

A email dylm, headj^ E. S. E.— W. K. W.' 
bat not tmoeable for mote ibm £0 and.SO yaidijy 
oocms near tlw place when the nvenal in dip.» vkBde. 

•(«)* 



Ui 'BoxABO oouHnnp* 

^ ^ Unmb wcfa ia Bhoakee Joor an to be Lea a little 
of the pathway leading firom Karo to Chqnee. Hie river baa ent 
It! way through the liaing ground which limitB the northern ertenaion 
of the field. Its banks are high, and oonsut (fiiiefiy of the oonglome- 
riitea of the Baifikarainterbedded with coarse grained fidspathie sandstone 
and grits. Large blocks of nx^ have fallen away fi^im thehills on either* 
side, and intermingling with the jungle have a very pleasing effect, 
Anhaniang the general ebarm of the scene. 

The dip *of the beds is about 6” south. Passing down the river 
a change in strike takes place, and the dip becomes due west Hie 
locality in whidi tl& occurs is indicated by some fields near the 
banks of the stream. 

Hie first approach to coal is observed sotnh of this spot The 
bottom portion of the seam is only carbonaceous 
shale; and' even the best part would yield ver^ 
inferiorifael. A bluish^ slightly calcareousy argillaceous shale caps this 
bed. It contains numerous plant remains^ stems, leaves^ and seeds, and 
is probably identical with a shale in the Damoodah 

Flanfai fitinfli 

possessing a similar composition. 

Succeeding this is a large seam whose outcrop for a part of the 
way is burnt. Slight fiiulting occurs in plaoea A dip of rix feet is visi- 
ble where a little rivulet joinB the Bhuskee Joor on its left bank. The 
direction of the strike of the seam is not constant, and it lies somewhat 
round to 'the east. The outcrop keeps along the bank of the river, and 
'ChOh orosses the stream a short distance south of the most northerly 
mad bcm. IHiooree to Choree. 

Sandstone next appears, haying a horizontal extension of 160 yards. 
Then coal, of which only two fbet ate visible above the water. The dip 

•i L ^ * * V* • 

is 14* sonth-south-westi Slightly osrboimoeouB shsks snooeed. Three 
Iiundted and rixty-rix yacda fi»m this point, meaaaiing in the channel of 

(W.) 



mxn^aam: bomum. 


U 




«.• 

7. 

8 . 

9. 

10 . 
11 . 


IS 

14 

01 


a 

i 

0 

0 

0 

0 

0 


tiia sinaiia, 11 m Uidioolee gb&t eooiiis. 
be made— - 

1. fiiUdftQIlM ... ... ... 

8. Ai^glUoHiirixniaoMnif diAlA inth ... 

8. OotU ]Dip 10^ ... ••• ... 

4. * AreiiMe<msi|iale^di^tiyoarboiiM90ua,ftporti«mter^^ 

6. Suiditone ... 

Carbonaoeoiu Bhale (about) 

Cool seam (indkiinot)* Dip 12** ... 

Garbonoeous ahalo with femigiaoua partiii|pi (about) • 

Sandatonea 

Carbonaceoua ahale ••• 

Coai Beam (aectios imperfeot) ••• 

Dip 22^ south 

Owing to the water and rushes the section is no longer dear, and no 
coal is exposed at the surface^ until the junction ^ this stream with the 
Damoodah. 

West of Dhooree (that is the portion of the, village or iohh in 
which the Tcekadar resides) is the Chutkurree nullah. Some seams 
crop out in it, but they are incline at high angles, and of very bad 
quality. Nevertheless I have mapped them for purposes of reference. . 

The dips in this locality are very various, twisting remarkably sharply 
in some places. Many of the beds approach in character the Biniganjs. 
This resemblance is oftentimes so strong as to mislead, espedfliy when 
we recollect that lithological identity of character is almost the only 
ground which Indian geologists have to go upon in recognising rooks for 

thefirsttime. Organic remains are so rare in the Damdda series that if we 

depended upon palseontological evidence in order to define the boundaries 
of its different gtoapa, an extravagant expenditnre of time wonld {npbaUj 
take place Iwibre the t^ical specimen respired oonld be fonnd'^HNr 
eqienditure which the preeent requirements oS Tndi. do not call 
So that, as a rule, the test of siqierposition, and when that ia wanting 
similaiitf in minetalogioal ohaiaoter, ue the osfy iwo bases £at 
tion which we can go upon. StiU even in this ajea Iheie ait 
in whudi it wedd have been most raah to irftrnmn that a 
NsemUaooe jnstified m in coixetating certain beds* 

(BS) 



HOKAAO OOiZi-mD. 


^JtaKoriiig accompanies the increase of dip in the nc^honrhood 
of Amlo^ and to it is dne the complicated eharao* 
ter of the stratigiaphy. The strongest marked 
rocks are false-bedded sandstones^ micaceous and felspathio^ containing 
pebbles. The large accumulation of these pebbles on the* surface is 
due to tixe length of time which the matrix &om which" they are 
derived has been undergoing denudation. 

Near Foosro the dip is east by souths which corresponds to the 
west lie of the beds near Dhoorce. South of Foosro 

Fooiro* 

the rocks arc reversed at angles of 42^ and 45^ 
to north-east and east-north-east. 

This riverj which for want of a name I have called the Foosro 

nuddeo^ is formed by the confluence of two streams, 
Foono nvddee. r * • t « . , . , , ^ 

one 01 wmen flows between Amlo and Karo, and 

a* other west of the latter Tillage. 

In the Karo branch a ecam occurs about 26 feet thick, dipping at a 
small angle, 7” west-south-east. Above it arc sandstones. This is the 
only ooalseen in the stream, and its position is between south-west and 
south-south-west of Karo. 

A large seam injured by tr;q» is exhibited at the junction of the two 
branches. The dyke is a large one, and forms near Aoqlo an elevation 
of baked atgillaoeons shales. 

In the Amlo branch, the lowest seam oosns somewhat north of the 
village of Amlo ; ita outcrop ia obscure^ but the thickness appears to be 
fioot feet or so. Another seam is observabla just north of the pathway 

S Karo and Ando. Baddish brown dightly fekpathio qtiarfasose 
es an^then psamdower, tmtil we reach the «»»»» seam of coal 
[ at the jonotion (if the two bmnehes of the Fooan^ which was 
ji^wted to above. As pmvi«|ndy stated, it u of large nmi and ^ohably 
contains some good coal. 

<(W| j 



IMKOM Bnni: MAKAIAW. 


II 


11wiMKtMUi»«3q^owd wnth tins; the inttmniiif im|bIimIw 
not «rdl nen until we come to aome enndetiHiei^ ahofu wimii ie a eoal 
■earn me aa n ring eight feet four in<diee. 

n. In. 

Coal ... ... 2 e 

CarbmiaMmu idulo ••• 0 4 

C^al (inferior) ... 5 6 

Total of Cbol ... 8 0 

The section from this bed is clear^ and the following^ rocks are 

exposed in ascending series. Its economic worthy however, is small, and 
indeed it merely indicates tho oompodtion of the Barfikar group to a 
very limited extent. 


1. 

2. 
8. 

4. 

5. 
e. 

7. 

8 . 

0. 

10 . 


FeLtpathic santlatone, with a conglomerate band beneath it 
(thioknew uncertain) ... ... ... 

Concretionary oarbo-amllacoouB shales ... ... 

Fine grained mioaceo-f wpathio siliceous sandstone 
Coiil ... ... ... . ... 

Fine grained mioaoeous purplish and black sandstone ... 
Fine grained reddish grey sandstone 
Carbonaceous shale ... 


Fine grained reddish grey mioaoeo-eilioeous sandstone, 


with blue 


slate coloured bonds 


Concretionary carbonaceous abale 
Coal seam 


• Ft. In. 

Carbonaceoua shale and stony coof ... 0 7 

Coal ... ... ... 0 1 

Bholo apUnteiy ... ... 0 8 

Coal ... ... 0 8 


Fh In.. 

4 0 

0 4 

10 40 
8 8 

1 !• 
1*0 

8 0 
8 4 
1 S 


Total of Coal ... 0 11 

11. Grey and purplish sandstones ... 

12. Concretionary oorbonaoeous shale 

13. Slightly calcareous ferrugino-mioaceous sandatoqe 

14. Concretionary carbonaceous shale 

15. Coal ... 

16. Carbonaceous shale ... 

17. Red ferrugino-calcareous sandstone ... 

18. Coal. BipSoKlOP ... ^ ... 

19. Garbonaoeous dials 

80. Purplidh mkaoeoua aandstone ... 

21. Coal 

22. PuipUah wmgoted shales ... . 

28 . Coal ... — ^ ... 

The liTSr now bends back cm ilsal^'end the roohi U||^ in thw iedcs 
not esposed until we reach the Damoodah 

{ Tk® bedi 21 to 88 are again ▼UMe; then 

*21 AfSBSoeousdiale ... 

25. SandstcMMs ••• ... 

26. ChihcQBceoiuiihalas •• 





BOK^ COAb>nBU). 


£ 

£9. 

80. 


81 . 

82 . 

33. 

84. 

36. 

36. 

37: 


Cmrbo^iniciioooua aftndsfeoD^s ••• ••• 

CoaH ... — ••• 

Reddish sandBtonei... * ••• ••• ,, 

Conorotioiiaiy oprbotiAoeoiiB shales, with two thin psiiings of sandy 
shale •*> ••• 

Sandstone ... ••• ••• ••• ••• 

Shale •• ... ••• 


Pt. In. 


Undeihed 
Coal ... 

Oonoretiomiiry carbonaceous shale 
Sandstone 
Carbonaceous shale 
Coal I 


88 . 

89. 

40. 

41. 
43f 

48. 

44. 

45. 

46. 

47. 

48. 

49. 
60. 
61. 
62. 
S3. 

64. 

66 . 

66 . 

67. 

69. 


Ft In. 


Ft. In. 

Coal ... ••• ••• 5 

Sandstone .. ... ... ••• 0 4> 

Coal ... ... • - 0 3) 

Concretionary earbonaoeous shale 
Yellow sandstone 

Garbo-afigillaoeouB diales and slightly calcareous sandstones ... 
Coal .. ... ... ... ... . 

Cenoret&onary carbo-argillac^uB riialoa and sandstones tbin-bedded, 
and in some cases dightly calcareous . . ... 

Grey sBgiHaceoiiB diale 

Com . . . . ... •• ... ••• 

Concretionary oarbo-argillaceeuB shale 
Thinly-bodded slightly carbonaceous sandstone 
Caihoiaaceous shale with two hands of coal . 

Very micaceous oarho-fdi^thic argillaceous dialy standstone 

Yellow slig^y oidoareous sandstone 

Reddish brown micaceous sandstone 

Coaly shale ... *■* ••• 

Concretionaiy earbonaoeous shale 

Vbiy mioBoeous oaloaiee<ieigiUaoeoufi sandstone and thinly-bedded 
shaly sandstones ... 

Cencrationaiy earbonaoeous shale 

Dark carbonaceous sandstone ... •• 

CorbonaoeouB i^e .. *M ••• •.« •*• 

Coal (anthraoitio in appearance) 

Mioaoeo-slight^ oaleamus sandstone ... .• 

Sandstones and Anlaa alternating 


60. 

61. 

62. 

68 . 

66 . 

60 . 

67. 

68 . 
60. 
70: 


Ft In. 
0 81 
1 IJ 


( 66 ) 


Undeibed mingM ^th coal 
Coal . • ... ... . 

Concretionary carbo-aigOlaceous shales and sandstones 
Coal . ... ••• *.* 

€arbo.argi]laeeouB tiialA ... m ... 

SandstyieB a^ shslasaltCTnating * ••• ••• 

Papeiy earbonaoeous shale passing into coal ... 

Arenaceous an^ oarho^wgllkceotts shales ... 

Conglomerate band ... ... ••• 

Fine grained inioaoeo*fa1sp|thio sandstone containing pebbles 
Carbd.aigillaeeouB shalee and sandy shales interstratified (about) 

* 1... * ... 

. Ftin. 

... ... 4 6 ) 

... . ... 0 Gvaaw 

... 9 4 ), 


Coal * ‘ 
ArgiUateousi&hate 

Cml • 


1 

1 

1 

1 

0 

1 


1 2" 

0 7 
2 0 
2 0 


0 10 

0 9 

1 2 

7 0 
4 

17 0 
1 0 
9 7 

3 9 

18^ 0 

8 4 
8 0 
2 2 
8 2 
1 9 

4 0 


1 9 


18 

0 

0 

12 

1 

2 

0 

7 

4 

6 





StUnnU raKW; 


ii 


FtlttC 

7l« Ais^naoeom ibik ••• ••■ ••• %*i 0 9 

72. Bmdrtona (oofpttiirfng pdjblas) iJtxmt ... ... 0 # 

78. Thin-bedded iBiidit(»MuidooiMveftoiai7ai0|n^ 4 0 

74^ Coaly ehala* ... •». ... ... 0 9 

78. Sandahme (mostly rii^UyoakareonamioMeoterttgjbMuaaboui) ... 12 o 

76. Inferior seam of ooa|y al^e ... ••• .. ... 1 1 

77. Concrerionaiy carbo-aigiUaoeoua diale ... •„ 0 5 

Five feet higher in the series, there is another seam about one foot 
thick, possessing no dip. Faulted against the above measured beds 
are rocks dipping to the N. N. E. at as high an angle aa 60^ They 
belong to the upper portion of the Bar&kar group, and consist of 
sandstones and shales. The sandstones have a prevailing yellow tint. 
The shales are greenish grey argillaceous beds, conoretionaiy as a 
general rule, but there are others sandy in composition and fine in 
texture, which usually display a great vorieiy in odome, sAate-grey, 
dork-grey, yellow, and occasionally light purple. Flezuring is equally 
well seen in these beds, os in those near Dhooree and Amlo, and further 
down the Domoodah dips to the cast and south and to intermediate pointe 
occur. The map vciy clearly exhibits all that oails for attention in^this 
part of the field. 

The dyke marked at the month of the Foosro Nuddee injuras a seam 
of coal which crops out along the southern bank of the Damoodafa, 
becomes obscured, and then reappears close to the Godo Nullah* The dips 
of the rocks in the neighbourhood of Foosro *a&d Korgullee are very 
much less than those to which wc have just been referring, from 5^ to 10* 
are ihe ordinary amounts. 

The boandniy of the field is well exposed in this stream. Ihe 
Talchlrs at the base are about fiO figet thidc, and 
sucoeedhig them are Daltotida grits and odngfeme* 
rates. The fbll effect of a tonenC when swollen by the animal laia. wtaj 
be seen and stadied here ; masses of took of every shse afld dkpe stnvr' 
the bed of the river so thickly that it is a matter of oo4sida>aU«bodil]r*tott ^ 
to clamber over them. 

IWJ 


KoiguUee Biver. 



wncABo coMumuOi 


^ eaflier of fiaiflcan iii^w the hill west of the atteam. Hie first 
mpsoadi to ooel is made by a bed of coaly tihale 

CoaL 

about eleven inches thick^ with an under-bed of one 
ii^. Above it are conglomerateSe Continuing down the Nuddee no 
seams are seen for some way. The dip becomes 8^ souths and then we 

o 

have — _ , 

Ft. In. 

1 Coal aeam (mixed and poor in quality) ... ... ... 86 0 

2 Felapetiiic carbonaceous sandstone ... . . 24 0 

3 Com and oarbonaoeous ahale ••• ••• ••• ••• SO 0 


These measurements are very rough, and the seams are so obscure 
that the tbicJcnesses of the partings cannot be given. 

4. Grey argillaceous dmle ... ... ... ... 

(Road to Budkaro.) 

For some way only sandstones are partially seei^ and then comes 
another seam— 

6. Goal Beam, (it has been on fire). 

€. Browniah conoretionaxy shales a few feet 

Dip 6® 

7. A series of oarho-mioaceous shales, fine grained carbo-arenaceous 

aandstonsa and oarbonaceoas shales 


Tor 400 yards loOse sand and day obscure the sectioBy then a few 
rooks are seen. Again the beds become hidy until we arrive at the first 
bend of the river north of the village. A dotted line in the map has 
been put to indicate a probable sOam whidi occurs north of this first 
bend. Some pieces of coal were turned up by a plough in the fidds 
west of the spot which I have shown; and as their qualify was some- 
what superior to the other coals in the neighbourhoody I judged it best 
to mark the place. A burnt ridge heads directly for the localifyy so that 
in all likelihood a seam does exist as 1 have suggested. 

South of the village a seam of rerf large nze occursy dipping at 
an angle of V and 6^ Its least compute^ thinkness is 98 feet. Of 
eouisra large pcuotion of it is dude, but still there ia a oeasidesdble 
amount of cool in it. 

These largo seams axe very-dunwetiristio of the lower horizon of the 
Bar£k|iSy andiMogeneralljr not met with higher in the groi^. 

( 68 ) 



mew: BAMKAwe. I|l 

* 

TUfe M tiiekijgMttrilmtaiyof 

CKtands fiur up into I3i« iMtwnaqiWei ooantagrBMl^ 

CvOQLO • 

of ihe Mi. The kmoT 9taikum wee, tm nmwi, 
adnunUy seeiii resting^ upon a thin band of TsMAwf. Vie rmv lAme 
it enten the fidd passes thiongb pzeeipitous hilb, the base of whieh wte 
gneiss and tbe upper portion ooal measures. 


A tributary joins the Gtodo on its left bank^ about a mOe and a half 
north of Berembo. Between this point and the boundaiy the Godo 
exposes five seams, but not one of them contains good ooal. The laigest 
seam is the one a little north of the junction of the tributaiy. It haa 
been on tire, and its outcrop produces a high hill on both sides of the 
river. No coal occurs until within a quarter of a mile of Berembo, when 
^ ^ we get a seam; the upper and lower portions 

Coal noar Bore m bo. 

appear to be the best, the middle part being stony. 
It is impregnated by iron, as are indeed most of the seams here. It 
has a total thickness of 30 feet, and dips at an angle of Above 
come— 


1 . 

2 . 

s. 

4. 

5. 

6 

7. 

8. 
8 . 


Stony carbonaceous abale ... ... 

Mioaoeo>febpathic ailioeoiis aandstone ... ... ... 

Sandstone and ih al o - tho former tbin-bedd^ ... ... 

Cool aeam 

... ... ... 

Then 07 yarda are concealed — 

Cool seam 

For 433 yards the rocks areooTcnd by wat!»; thSdbieak'.! 

Mioaoeo-felspathic siliceous sandstone ... 

Dark carbo-sOioeous shslea ... 

. 

Concretionaiy oaibo^sUoeous shiJes which beomne quite hoiisont^ 
and then dip alightly to the north. The ooal eight 
raappeani, and ao do the ahalfb under it.* 

The roeasurementa cm the*aouth aide of the ayndinal are— 

NaC. ... .. 16 0 

w B. .• ,, 0 

» •• 4 0 (not a S) 

n B* ••• 4 0 (not ^ 

£sfgr r ■■ r •••••” »« 


Ft. In. 
1 0 
42 0 
80 8 
11 0 


180 8 
8 0 
6 8 
0 8 




•«« 
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B0K4S0 COAt^Maa>. 




TlMdipwTertBto'iiwmIli, bipAIS^B b agaSn vlidblfl^ aadlba 
full thicfawMi of No. B b «spooed4 narndj^, 86 feet. (In the first plaoe 
'Where seen, Mfiie of tha toSk b denoded.) Then « small slip takes 
pUuM^ and south of that oome — 

10 Thin bedded mloaoeo^fliboos sandstone and 

oarbonaoaoui shales, d^ 10^ ••• ... ... ... 70 0 

11. CoalMom ... ••• ... 88 O 

Ft In. 

Stony coal •• •• * ••• 13 0 ) 

Dyke east and west. > Dip 5^ 

OM mixed ••• ••• nos 75 0 > 

This is one of the largest seams ooourring in the fields and is 
«onti]iuoue with the one south of the village of KorguUec. The quality 
of the coal in this section is better than in the former ones ; and it is 
occasionally^ though not often^ used by the villagers. 

This portion of the fields now for the first time described^ is the 
ridiest in the Bokaoro aresj and would be well worth the trouble of 
opening up. ISie roads^ it is truej are not very good^ but one 
eould easily be made^ which^ after crossing the hills to the north of the 
fiddj would emerge on the plain that slopes gradually from Hazareo- 
' hagh to Baneegunj. The quality of the coal is in many instances 
goodj and^ I believe^ would be found still better^ if more opportunity 
existed for testing it. It would be scarcely fair to consider the top- 
weatheicd eoals average specimens^ as such cannot be the case owing 
to the concentration of inorganic matter^ and the deposition of extrane- 
ous impurities from water. 

West of the Gk>do the geological structure of the country is not 
well seen. The dip along the northern boundary is pretty steady both 
in amount and diiection 4 varying from T* to 10^ and from south-east to 

south by east. 

¥ 

Near Oobinpoor a oroes bolt ebifta the northern boundary. The 
ttiTidenoe oS a diaplaoemmt ie cosapletej and cxoellent oonfinnation is 
allblded by a line of qainge braakiag out at janotiim of the gneiss 
and Basilom. Ow atteiittoa ogg^ always to be directed to the dis- 
ooreiy «i^<q<iagB, mA. suspujeiw raised as soQn os they are met with, 
as tb^ often mdioati a briakin the rodu. 

(fiO) 
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Two mom iaitenoMinU be mlNnqaait^ pointed Mt kite pfMMti 
fidd, in wbfcA tbe erioteaoe of qwingo hm oonfinnod tbe in&NMo 
pNvknufy oniTod at that a &oH ooenned. In om earn there wao Mme 
obsoniiiyanddoabt as to whether the view vhiidi I hadtoksenwaoeoneoi^ 
which the disooveiy of a qating helped to diapeL 

The heading of the Oobinpoor cross fault is 25*’ west of north. 

Croos finiit ^ probably continued across (he Koonar and 

instrumental in cutting off the voeks west of 
Khetko. This is by no means dear, however, and so it is indicated by a 
dotted line only. A diversity of dips is visible in the Koonar north of 
Buriya, which is suggestive of a fault. 

The village of Gobinpoor consists of three toldis. Two dykea 
occur near the middle one, striking a little north of west 


A good section is seen in the Montiko Nuddea The first seam of 
coal is exposed 500 yards south of the boundary. 

Dip ao» 


1 . 

2 . 

8. 

4. 

6 . 

6 . 

7. 


9. 

10 . 
11 . 
12 . 
18. 

14. 

15. 

16. 

17. 

18. 


CboZ scam ••• • • ••• 

Carlx) argillocooiis and carbo-uliceonB Bhales 

Coal (inferioi) . .... 

Sondstonos, flno grained and dightly carbonooeoua ... 

Bods hid for 133 yards — (calculatea thickness) 

Seam iiyurod by trap. 

Beds partiiiily^hid 

The dip changes from SE. to nwly S. 

Seam injnrod trap. 

Beds for the most port obaeored for ],100 feet ofiiaif their strike. 
Shahs Hith ironstones ... ... .. 

Ydlow sandstone ... * ... 

Carlio-argiUaceoas shales 

Sandstone •a • • *** 

Coaly shale ... ... ^ 

Ironstone • s« »#• 

Shales .. ••• ... ... ... 

FeiTiigiiio-eateaieciiisaaiidstoM .. , ' ... , 

Garbo-aigiUaeeous shalea ... ... .«• 





wttli 




Ft In. 
24 0 
41 a 
0 5 
84 0 
186 0 

102 0 


7 0 
6 0 

10 0 

4 0 

1 0 

t 0 
0 6 
4 0 
4 # 
12 0 
4 O 

8 4 
87 O 

8 0 


87 0 

4 a 
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« f8L XMiomaoiii ihite tuft vediiifi fettow ndcMeoiit sUiMmyi luid* ft In. 

itoae .t. ••• — ... ... 7 6 

87. OmiI ••• ••• * ••• 1 4 

88. Gcmorationary carboluoem ... ... ... 6 8 

89. Pazpliih miimoeoQf riMb ... ...2 0 

80. Coneretkmm €aibmiiQ 0 (ms idiide, portioiu containing ironstone ... 4 0 

81. SUghUy cam^umiaoeoiMi ahataa, inth mteaoeoaa ailimona aaiidstoiifle 

thin-bedded ... ... ... . . 13 0 

82. Coal .. ... ... ... ... 0 7 

83. Ckmmtionaiy oarbonaoeoiia dudes r . 10 0 

84. CM ... ... ... ... i 2 

Dyke miming E. N. E. 

88. Qrey mioBoeo-srensceons sandstone ... . . 15 0 

38. ShiljCodl ..16 

One hundred and thirty yards ftom this the highest bed of coal 
in the river, oomee the Eooniir. 

None of the ooal exposed in this section is very valuaUe, and indeed if 
the quality were good* it ocoura generally in bands of too small thickness 
to render it useful. The first seam which was mentioned No. measur- 
ing 24 feetj is nearly all carbonaceous shale^ and it was with difficulty 
that I succeeded in igniting some pieces which I had collected in order 
to make a fire. 

Uie conglomerates are well developed in the tract between the 
Montiko and Koonar> and in the latter river^ there is a fine exhibition 
of them. 

In the hilly countiy east of Oobinpoor^ patches of Bar&kars are as 
common as outliers of Talchirs^ and the loose pebbles and pebble beds of 
the former are often unexpectedly met with^ whilst traversing the jungle. 

The difficulty experienced in mapping the small ouUiers of Talchlrs 
is equally felt with regard to these spreads of Bar&kaxSj but I have 
indicated them as well aa 1 can. 

jBiwr.— The- Koonar affords an excessively poor section 
«|br the first mile and « of itf ooune ihiongli the sedimentarjr rooks. 
An indiftinot ooloiap ^ coal ia oooaaioDally ohaervable, bat the 
vrMi ^Mtionaa i^per^ll^ of th# moath of the Montiko some 
shbkl fondstones appeH} hot ib,isiiot until m mam east of the 
dhiiqpoor fiadt that ooid ia viaibia. The first seam measniei 81 teetf 
bat thkomoant nay be too muob^ aa its outcrop is not very olear. 

(•») 
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In the MMuh doe eMt thoe aie thne good UMIM «hjdi 

dipetmoderateanglee, 10*or 12*. llie foortlkMattiiunlEedintheiaqp 
does not contain much ooaL 


Ihe following is n carafolly measond section 


l: OirboiiBceoiu Bhale ... 

8. CMi^seaiii 


Coal ... 

Carbonaoeoiii bIuiIq, concretioiiiry 
Coal 

CorbonAoeonB ahak t.s ••• 

Coal (inferior) ... 

Carbonaoeona shale ... ... 

Coi I ••• 

Concretionary alialo asa 

Coal ... ••• 

Stony oarbonaceons shale 

Cbof 


•.s 


• •0 

Ft. In. 

1 0 
8 0 
% 0 
0 6 
10 6 

0 9 
4i H 
0 8 

1 8 
0 8 
1 8 


Ft. Xm 

•m' 86 0 


3. 


4. 


Total of Coal ... 81 8 

Fine siliceons sandstones, brownish-rod in colour, with one bed of 
carbonaceous shale 

Coal seam ... ... ... ... 


Pt. In. 


Cool ... ... ... 

Micocoo-siliceous carbonaceona shale 


Coal 

Silicoo-corbonaccous shale 


Coal 


Silicoo-carbouaceouB shale 
Coal ... ... 

Silioeo-carbonaceous shale 
Coal 


0 5 
0 5 
0 8 

0 4 

1 1 
0 10 
1 0 
0 10 
0 4 


68 0 
6 6 


5. Silioeo-carbonaceous riiale 

6. Coal 

7- Carbonaceous and coaly dialo 
8. Coal seam (mixed) 


Total of CM 


••n 



•*. 


Dip 10®. 

9. micaoeo-felspatbic sandstone containing dlbon 

10. Purple and dark carbo-silioeous ahalas ... „ 

11. Coal Beam ... „ 

Ft In. 

Coal ... ^^0 0 10 

Carbonaceous shale • a* ••• 1 8 

Coal ..f • ••• 8 


8 0 


• •a 


••• 


%*. #*• 


3 4 
0 9 
8 10 
19 0 

87 0 

89 0 

7 4 


4 

Dip9(FS.aEs 

ISL Fine siliceons diales and smdstonesb ind gnfcnish grey 
riialea with ironstone ... ... 

The section is then hid by gaad# 


^510 


8t • 



BOKABO COAl^naU). 


A fiuge dyke crosses the river as represented on the map* It is 
traceable south of the Koonir, but is not visible in the Damoodah^ 
‘which is somewhat extxaordinaryj as it is by no means a small one. 

Opposite the villages of Jereedeeh and Jenmgdeeh cosl is again seen, 

. • but dipping west. It is nearly destroyed by per- 

OobI near Jereedee xneation of trap throughout it. Prom tSds seam 

some fine specimens, illustrating the occurrence of the trap, were obtained. 
The plan resembljss a series of irregular quadrangles. These are produced 
by injections of trappean matter, which filled up numberless cracks of 
shrinkage more or less at right angles to each other. These cracks 
occurred along the structural lines so common in coal, hence their regu- 
larity ; for if they were due merely to the forcible passage of trap 
through the mass of heated coal, they would present a much more 
unsystematic pattern than they do. 

A seam on the south bank of the Damoodah, through which t^e 
Foosro dyke passes, affords some very good samples of trap-affected coal 
The quadrangular structure is rendered very prominent by the contrast 
in colour of the black carbon and light yellowish grey of the weathered 
trap ; and from the superior hardness of the latter, it generally projects 
above the surface of the coal. 

At the mouth of the Koonar there is a sharp anticlinal. 

Q>al SautA-JSast cf Jereedeek — k seam is seen south-east of Jeree* 
deeh in the fields bordering upon the Damoodah. ' 

Tha dip netue the southern boundary becomes reversed, and it is 

■ ■ /j % * 

evident that as hitherto we have had a regular 

Bersne Sip. 

gBoaession of strata dipping southwards whose 
ihi clrn ii i fiir aioeeds,that.of t^e reversed beds, there must be a fault in 
the neighbourhood ; whether^ forming the limit of the field or not 
dependi upon the extent of dmudath^ whio^ the country has suffered 
posterior to its fonnation. 
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Befofe demibing the area west of the Eooiunv will be better to 
give the sections of the Damoodah^ as that river does not expCNse any of! 
the cool measares west of the village of Khetko. 

DamoodaL — ^The lowest bed in the Damoodah is seen in the bend 
of the stream due north of PichreOj and the section in ascending series 


1 . 

a. 

3. 

A 


6 . 

G. 


7. 


8 . 


9. 

10 . 

Jl. 







Ft. In. 

Brown sandstones and grit 

«#• 


«.• 



Coal (good) 

«•« 



>• ••• 

3 

0 

Flaggy sandstono ... 


, . 

, 

. «•* 

4 

0 

Coo/ scam 

«oa 


. 

• * VM 

1 

7 



Ft In. 




Coal 

sec 

... 0 





Carbonaceous slit Jo 
Coal 

Carbonaceous shnlo 


0 

... 0 

... 0 

Jl 

6 

This is fault- 
^ed in one place. 


Coal 

... 

... 0 

y 





Total of Coal 


.. 0 10 



Sandstono 

«ts 




3 

0 

Coal scam 


• •• 

. 

mm 

160 

0 



Ft In. 




Coal and shale 

■ I. 

... 30 

0 





Dyke, Buiull. 


Slaty oarl)onacoous ghule and coal 
mixed ; the former predominating 
to a great extent 136 0 

Voal ... ... 0 6 


MicacoouB sandatone contidniug pebbles ; it pgsaesses a ferruginous 

wi>athcred surface . . ... ... ... 30 0 

Coal seam ... ... ... 68 0 

This M better seen on the right than on the left bank of the livar. 

Micac>iH)us felspathic sUieeous sandstones ... ... ... 61 0 

Sandy-carbonooeons shales ... ... ... 17 0 

Coal seam ... ••• ••• 37 4 


Coal (about) ...| 
Carbonaceous shale 
Coal 

Carbonaoeons shale 
Coal (poor) ... 


Ft In. 


... 


% 


0 61 
I Or: 
1 0 ■ 
•» 4 4 

6j 

#4 


* A . 

I>ip30*& B, 




This seam occun 130 yards east of the ipouth of the Bhuidcee 
Jooreea. Its dip is higher en the riQ^'dds the ifTtk tMSi 
on the left. 


Some additional scams ese exposed, hnt they are inclined at angW 
urhich vender theSi quite usetess. Even those given, ia* tlgr 
serUon dip too high. The etionuoim bed No. 6 is of very 
poor quality ; it is cut through by the Fiebree dykeu 


,(«») 
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lid 


Dm fftfejcSn^l Meti<m » given meiely for flie pnipone of idmtifi* 


Mtkidn; tihe coal eeanu mentioned in it are totally nnaervioeaUe: — 

1. Six hundred yirde weit of the ont All of the Bhukee Joor a irnaH 

bod of coal is exposed. 

2. Intermediate bede, dipping at 60° N. N. B. ... 

8. Cool 

4. Argillo-nliceons shales 

6, Coal ........ 

6. Ghreemsh ooncretioniuy argillo-siUceons shales, with greenish argillace- 
ons sandstones ... 

9. Cota ... 

8. Concretionary, greenish, slightly ferroginons argillaceous shales 

9. Coal . . ... 

10. Same as No. 8 

11. co(a ... ... ... ••• 

Dip 86° 


Ft In. 


189 0 
2 4 
14 6 
2 0 

188 0 
0 4 
80 0 
8 6 
10 0 
8 0 


The beds are in this place nearly vertical. The character of these 


strata is somewhat different &om ordinary Bar&kars, and approaches 


that of the Bfiniganj group. There are, however, no ironstone shales to 


indicate that the horizon of the^ rocks is higher than that of 
the BatiLkars. 


Eastern aide of hop . — In the eastern side of the loop of the 
river the section is necessarily different from that of the western. The 
beds are more denuded, which have felt only the slight disturbing 
influence of the eastern fault. 


The line of quartz breccia passing between thetwotolehs of Tooree 
is very well marked. The throw of the fault along which it occurs 
is slight. 


The remaining sections of the Damoodah have been made in the 
vicinities of the two villages of Angwalee and Chulkurree. They are very 
partial, and expose coal dipping at extremely high angles. 


Commencing a few yards east of the Kanjo Nuddee, and then pro- 
ceeding westwards, we find-^ 


* 1, Grey ndcaoeo-imoecnu Mmdstones ... ... 

9. Ckmcistioiiaffy sbiles oontaining inegular bends of 

impure ironstone^ sad tUn-bedded fine gnin^ reddish brown 
ferrugino-miosoeoas ssadstonsB 
8. Cbolseam. Dip66° 

(Ibis is agsin seen on ike vest of the Ksi^o Nnddee). 
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HereweeometoiheBioatii of theKaiyo. Vbe MotiHi oontisMi 
ia in deaoutdingoxder^ u— 


4 , Thin-bedded reddidi brawn iQloeo-ndtiieeoiie nailitoBei^ indcvbo* 
nigilleoeoiii dialea ••• 

IMpN.N.W.bjK.eiy’. 

if. €oal 

6. CerbfHwg^Uaceoiu dialee ... ... 

7. * Coal aeam 

A few yards south of this oomet the boundary. 


Kin. 
4» O 

• 0 

t5 8 
15 6 


Ketuming once more to the Damoodah— * 


No. 8 reappears, then higher in the series 

a if 6. Nob, 2 and 1. Thm-bedded micaooo^ilicooos sandstones ••• 20 0 

A Coal seam. ... . . . ... 29 0 

Ft. In. 

Coal (good) . . . 13 0 

Coal containing irregular partings 
^ of ironstone and bhalo 16 0 

el CorbonaceouR shales with blac^k band, and thin bedded mioaoeons 
shales and saudstoms snccceded by sandstones containing pebUai. 


The section is then obscure to within a short distance of a nullah> 
between the Kanjo and Jhoonjko nuddees, where a seam occurs dipping 
at an angle of 50*^ and possessing a thickness of 38 feet. 


The next rocks above this coal are not exposed in the Damoodah^ 
and no intelligible section is seen until opposite the mouth of the Hur- 
riladeeh Nullah. 

A little west of the Jhoonjko stream^ a cross fault cuts off the 
Barfikors, and brings them against metamorphio rocks in the bed of the 
Bamoodah. In the Jhoonjko Nuddee no strata occur near its out-fidl^ 
but on going up it, the seam d of the above section shows in the bank 
of the river, and also No. 3. The boundary exposed in the Jhoonjko is a 
natural one, and pebble beds are seen resting upon the gneiss. , 

The throw of the south fault near Angwalee is not great. This " 

r 

can easilf be sbown to be true, becauae, in the Jhooiyko. there ie an 
unbroken eaeoesnon from the conglomerate to the two aeame wbioh are* 
viatUe in the Damoodah. ao that the fault cannot exceed Ihe thiaVtiM. 
ef atratn induded between them. Sot;^ indietinct outcry oociir weat 
of Angpwalee. 

{« 7 ) 
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JSb 

‘f up from^ SDaiuooddi, the'fint seam of ooal dips at about 

_ 25^ north by east^ and is approzimatelv 90 feel 

Hnrriladoeh HtndOee. J » rr j 

thick. This is separated from another underneath 
it^ by csrbonaoeous shale and sandstone four feet six inches thick. The 
second aeaai is 4& feet thicks and dips at a higher angle than the firsts 
namelyv* 80^* Under this the rodcs are conglomerates^ and coarse 
grained felspathic siliceous sandstones. 

East of Ghulkurree the Damoodah section has been already given, 
^est of* the mouth of the Foosro Nuddee there are a few seams to 
notice ; one four feet thick dipping to the south-south-east. This is 
lower in the series than No. 1 of the Foosro section. Below the four 
feet seam are two other small ones. Close to the mouth of the Godo^ 
the Foosro dyke and another occur. 

The dips in the western side of the loop north of Ghulkurree vary 
a good deal^ and the beds are cut out by a fault. The area aro^.&d 
Ghulkurree is not very clear^ being covered by a great deal of alluvium. 
There appears to be no displacement along the boundary cast of the 
village. 

Near Ehetko the Damoodah no longer flows through the field ; 
there is a good deal of faulty country about there. The boundary 
passes through the village of Khetko; the strike of the beds being west 
by norths and the dip 60^ 

The breadth of the field becomes very contracted near the junction 
of the Koonar with the Damoodah^ but on the meridian of Goomeea it 
swells out to a breadth of four miles and a half. The Bar&kars are well 
developed around Hazaiee^ but very few outcrops of coal are exposed. 

Near Jerongdeeh , there are two streams, in the most easterly 
of which four seams are exhibited; the one 

‘ CobI noBT Jerangdodi. 

highest in the series is the largest and has a thick, 
ness of four feet. Its dip is 16”. At the mouth of the most iresterly 

(C8) 
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ft nllah gwdM oMnHL IVothar np' the etMem fMih' 1w3» $t» tiaSbl^ 
foimiii^ e natanl jnnctieB, although they aie highly indiiied. Some* 
vhat north cl this a diange in dip ia ohaervaUai and a coal aeam that 
oocars is eery much cmahed. A fault line probably eniti^ whidfaf I 
am of opinion, is the continuation of the one aouth of Loogoo HilU 
TThe similhrity of phenomena in this nullah and the Dhungadhogwa 
Nuddee is a noteworthy circomstanee, namely, a diaip change in the 
direction of dip. 

North-east of Sobang a tributary of the Eoonar exposes five 
CMd north-oatt of So- Beams. The largest is 16 feet, and it ooonrs highest 
in the series. 

Nearly north of Banddeoh, in the Bokairo Nud> 

Cod now Bimddcch. . i. u i 

dee, a small seam occurs, dipping at a high angle. 


Veiy little coal is exposed between Goomeea and Loogoo Hill, and 
none of any value. A very thin bed crops out in a nullah east of Ooda. 
An imperfect section of the Bardkars is seen in the Bokaro west of 


Koyeeotond. 

1. The ftnt seom under the Ironstones 

2. Sandstones and shales 

8. Cbal with trap • . 

4. Siliceous sandstono^ (about) 


Ft. In. 

is 4 6 thick. Dip 44^ 
160 0 

60 0 


Then boundary, which runs in the bed of the etream. The junction 
IS bcAutiiully exposed all the way to Lalf^rh. North by east of 
this 1 lUage, the line passes 20 yards inland of the left bank of the 
nver. 

Opposite Lalgurli the following section is seen in ascending order 

Ft Irw 

1. Carhonaceous shale. Dip 28° ••• t*. «.t 4 6 

2. Coal ... ... • • ••• ... 4*0 

8. CarbonaceonB shale .• ... a.. 0 8 

4. Qrey carbonaceous shale . « ... 8 0 

6. Ordinary fdspathic siliceous sandstone .. ... 29 ^8 

6. Sand for 60 vardt . . ... aa. * 

7a Qrey felspathic siliceous nndstones, fine grained, iome oi them aen 

slightly impregnated ^ iron. Dip 18° .. .. 25 0 

8. Fnrplish micaceons shales and ordinaiy felspathie riUoeone landstonee II 0 

9. Grey aarf^aceons shalea ... ... ... ... 8 0 

10. Fenraginous shale ... ... . . 1 0 

XL CarbcHUgillaoeoiie shale ca «.» # ... 2 0 

( 60 ) 
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15. OmI • •• ••• «t« M# 4*« 1 0 

18. Micaoeons amaoecms diale ... ... ... ... 0 6 

14. Carbo-iiKiUaoeoiif diale ... ... ..« ... 1 8 

16. Slightly fd^ihio dUeeoos Mnditone ... ... ... 2 0 

16. Carbonaceou shale with parting of saiiditm ... ... 1 8 

17. Sandinriyer 

18. grained yari^ted mioaooons lilioeons aandatone 

19. Carbonaceons shale containing ironitone ... ... ... 2 0 

20. Sandstone ... ... ... ... ... 4 10 

2L Concretionary carbonaceons shale ... ... *... 4 

22. Sandstone and yery finely lanunated mioaoeo-arenaoeous shale ... 7 0 

A portion of tlie beds are afterwards seen that compose No. 17, and 
the section is— 

17a. Carbonaceons shale haidng a splintery fracture ... 3 0 

lib. Variegated mioaceo-siliceona thin-bedded sandstones ... 4 0 

170 . Ydlow calcaroons sandstone ... ... ... 0 6 

lid. Thin-bedded sandstones and shales ... ... 8 0 


After sandstones No. 22, the next strata are all lower in the sec- 
tion. A very interesting little piece of geology occurs north of Karo- 
panee, a quartz breccia runs north of the village, and probably indicates 
the continuation of the fault, which forms the boundary of the field 
south of Burhoo. A small fault heading north-north-west cuts off the 
patdi of Barfikars and Talchlrs which is seen north of Earopanee. 

Coal near Karqpanee.—’Esst of Earopanee there are two seams which 
dip at an angle of 28^ south-south-east. 

A clear section is that of the little stream east of Dhnnneeya. A 
seam occurs a short way north of the Bokaro, 

Dhunne^ Nnddec. , ^ ^ j i • • i. 

and at the same qpot a dyke is seen running east 
and west. 

Bifly yards north of this seam (the intermediate beds are sandstones) 
wc'get another seam much impregnated by iron. The section is 

Ft. In. 

Carbonaceous Bbalo 2 3 to 3 0 1 

Cbal 8 O/*"^' “ 

Carbonaceous shale 

(? 0 ) 
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Twenty }rards fbrther north— i 


Coat 

Oiej HgQboeoof ihile ... 
fOoal 


Ft In. 

4 4 

1 4 

1 6 (« 


:o^. 140 


[The lover portion hi^nppean to be 4 10 


The river then divides, and pasring up the right branch vre get— 


!• Felipathio Bilioeona grit 
2 . ArgUlaeeoae dides ... 

8. Cota ~ 

4. Ardllaceoua sUiccouB ahales 

6. Cba2 . 

6. Carbo-aigillaoeoub sliales 

7. Coal .. 

8. Argillaceons sbale ••• an« 

9. Coal 

10. Reddish brown shnlo (oontnlning vegetable remidns) 

11. Coal with jNutings 

12. Argillo-sihoeons shale 


Ft In. 
about 80 to 40 0 

6 0 
0 2 
0 3 

..01 
..14 
0 6 
..02 
..08 
2 0 
10 
... 0 8 


A liltlc north of this wc have the boundary very slightly &ulted. 
The bottom rocks are sandstones containing many pebbles and boulders. 

The dyke is again seen in the nullah passing west of Dhunneoya. 
The inclination of the beds in the river is very high^ 50° to 62°. Only 
one seam of coal is visible in it. 


One of the very best sections of the Bar&kavs in the whole field 

Bhagalatta Naddee ^ Bhagalatta; there appears to 

be no break in the succession of the beds exposed 
between the qrnclinal, which w31 be lefemd to in the Chootooa section^ 
and the north boundary of the field) so that I am. justified in mapping 
the country as Barfikanu There is a xesemblane^however) in the rooks 
of the Chootooa to those of the Bamgunj groups but if no break can 
be shown between them and those in the Bhagalatta (which are unques- 
tionably Barfikars)) the similarily must be grauted to be accidental only. 


Tbe notion of tiie 
flnt bed meat 


1. Folenatidc tiUceona nadrtone. XKp 25” 8. ... 

2 . Cbm ... ••• 

8. Coooretionary argilkceoin and eorbonaceoae 


dattt in denendliig order k m Ibllowsi the 
ooonxi 270 ysrde Bortb of tbs Ghooton : 

Ft la. 

(tone. XKp25”a etc •.• 42 0 

• a . t .^ 1 7 

a aad eorbonaceoae tialet^ 15 0 
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BOKAIO OOAL-raBLB. 


Sanditone 

Garixnuoeoiis diale ... 

Coal ... ».• 

AroDAoeoaB diale ... 

Coaly shale ... 

Carhonaoeoiia shale ... 

Mainly oompoaed of ^htly femigliioiu sandatoneB, with leme 
mda of carho-aigillaceoBi dialea 
ConcietioiiBry oarhonaoeona dialea, with a band of limestone 
Slaty oarbonaoeoiiB diale ••• ... ... - .. 

Cw&dude ... ... ... ... 

Slightly carbonaceous micaceo-axenaceooi abale ••• 


Dip SO^ 8. SB. 


Coaly diale 


Coal ... 

Slaty oarbonaceona ahale 
Coal 


Ft. rn. 

1 7 ) 
1 6( 
8 O) 


Total of Coal 


IMp20“ 


4 7 


Ft.*In. 

0 10 

0 

9 

1 

0 

1 

8 

0 

8 

0 10 

85 

6 

2 

0 

10 

Q 

0 

i 

27 

0 

0 

7 

6 

1 


Slightly carbonaceous sandstone ; ... ... 

A dyke nmtiing with strike. 

Strong carbonaceooB diale 

IKp lb”. The angle of dip decreases enddonly 
Cool and c^y shale, the latter predominating ... 

Dark micaceo-argillaoeoiui sandstone 
Coaly ahale ... ... ... 

Like No. 20. Plant improsdons 
Micaceous sandstone containing pebbles. Dip 26^ 

Reddish brown felspathiesiUceous sandstones containing pebbles 

The river cuts a small gorge through this sandstone. The section 
farther up is admirably exposed ; a large seam of coal occurs. 
Coal seam. The upper 2 feet good 

Sandstone, white siliceous, aid containing a small quantity of Car- 
bonate of Lime 

This passes into characteristic Damdda grit. 

Cbal (good). IMp26‘' 

Carho-a^laceous sandstone. Dip 80° 

Sharp gidned fdspatldc siliceous sandstones impregnated with iron 
Variegated fine grained mioaoeous sandstone 

Coal inferior) , ... , ... . . 

Thin-bedded sandstone 

Carbonaceous shale ... . . ... 

Ft In. 

Cool (good) ... ... S 0^ 

„ (stony) ... ... 2 OJ 

Csrbo-rilioeoiis sandstone 
Siliceo-ftlqpaihio sandstone 

Blue cazbcoaoeous riiale co nt ai ning ironstone ; varies from 0 8 to 
Cbal of eaperios quality 
tlnderbed 

Garbonaoeoas landsUmieb Dip 25*^ 

Cool O^^fbrior) 

Slaty carbonaceous ihsl<B ' 

Ssncutone highly frispathio and riliceons, with strins of Cbal and 
oontsining numerous quarts pebbles 

(7n 


8 6 
8 7 


9 

8 

0 

10 


82 6 
42 0 


13 0 

16 0 

16 8 
6 0 
22 0 

7 0 

8 6 
4 4 
2 0 


8 0 


8 

10 

1 

1 

0 

2 
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48. A thia M of CM and ourbofQuaeimi ihalo veij UnparCioCly ioen. 
41 Compact gowtioge woditonea, 70 yarfi horiaontal 

TUa aandatone ii not wdl aeei^ and indeed, after Ko. 4fl^ the aee« 
tion ia vmy Impeiftotly apoaed. 

Thebonndavy ii not mofo than SOOyardi norft of the laet^nentioiie^ 


The next section occurs in ih^ river close to Puehmoj m^ich joins 
the Bhagalatta before that stream unites with the Chootooa. 


The lowest strata are^ as in the Bhagalatta, pebble beds. The 
section is by no means perfect^ and the immense amount of jungle 
surrounding prevent** the possibility of determining the exact position of 
a seam or other bed, which one might feel anxious to do. Two outcrops 
of coal occur north of the road from Puchmo to Monda. South of the 
road coarse sandstones show^ and then another seam of coal measuring 
eight feet. This crops out along the banks of the nullah which courses 
here parallel to the strike of the seam. A change in direction of dip 
is observable from that which holds near Dhunneeya^ and in the 
Bhagalatta, being south-west or south-south-west. 


Higher in the scries than the eight feet seam, is a bed of coal one 
foot two inches thick. Sixteen feet above this there is a three feet seam. 

South of this nothing shows in the stream excepting some pieces 
of trap whose source is hid. Near the mouth of the river the strata are 
inclined at high angles, and four seams occur, which are also exposed 
m the Chootooa. 

The following is the section in descending order, as the river flows 
northwards ; — 


1. CoiUydiBlc. D5pe0“SW. . 

Ribboned black and white landetono . " , 

8 Carbonaceons ihale 

4 Cosf ^ *■ 

8. Tine grained micaoeoua aligbtly felspaibic imoeDSa tan^teae, thf rkl 


6 Vanegated bladi and white aandstone 
7. Coaly diale 

8 AmuMBonaand carbonaceoni ghale 

9 Sanditone, highly micacseoni and fcbpathie" 
la Coat (good) d. S. W. 70® 


•* 


Ft. Id. 

4 8 
8 6 
.0 8 
>; 2 10 

48 0 
10 0 
I 6 
88 0 
40 0 

a 0 



BOEJJBO 00AL»9iaU». 


Ft In. 

11. Tliidc*bediM gandstone ... ... ... ... 29 0 

12 . CotA • . **• ... .,10 

ta. Variegated aandatoMS ee« tai ■ • «• 18 8 

14. Calcareou aaBditoine ... ... ... 1 3 

15. Thin and*thi(& bedded aaiidirtoiieB ... . 72 0 

16. Coaly ahale. Dip 68^ ... ... ... ... 8 6 

17. CoDcrotionaiy aigillaoeona abBle ... ... ..18 

18. CarbonaoeoiiB aha] le ... ... »•• 2 8 

19. Micaoeo4urgil]aceouB shale ... ... ... .86 

20. Cool ... ... ... ... ..? 8 6 


ISghty-three yards ftom this Is the month of the Bhagidatta. 

In the ground between this stream and the Chootooa there is a 
deposit of konkur. It has been quarried in order to supply lime for 
the bungalows building on Jdunga Hill. 

The sections west of Puchmo are few and imperfect. Numerous 
small streams occur^ but their channels are invariably filled by sand. A 
few rocks are seen in the Jhima Nullah at the boundary. 

Jfl ascending order— 

Ft. In. 

faj. Faidt rock. 

1. Qreenish slightly felspathic and micacoo-siliceous sandstone. Dip 60° 


8. S. £. .. . 39 6 

2. Slightly carbonaceoas shale. Dip 50° . . . 16 8 

3. Argillaceous shale diglitly concretionary , .. ,, 19 

4. Slightly carbonaceous argilbiGuous shale .. ... ,, 0 8 

6. Ghwnish micaceo-argillacoouB shale . 3 9 

6. Carbonaceous shale . ... 0 11 

7. Highly fols]«thic siliceous sandstone^ greeuish and Uiick-beddcd, 

oontaiuing also boulders .. . .. ..6 9 

8. Greenish, yellow, micaceo-argillaceouB shale ... ... 1 6 

9. Like No. 7 ... ... .. ... 4 8 

10. Micaceo-ai'gillaceous shales, concictiotiaiy in places, with a yeUowUh 

green colour ... ... ... , . 20 0 


A few feet of sandstone ; and then the rocks are hidden by sand 
up to the union of this stream with the Chootooa. 

Another stream^ the Sut Nuddee, to the west of this, again exposes 
BSrfikars near the boundary. A seam of coal occurs in itj a portion 
of which is thrown op by two parallel faults, heading north-south. 

Abbve the coal comes sandstone, lehieh is also faialted ; the direction 
of this last &iilt is north-north-wesf; and its throw is perhaps 40 feet. A 
difference in the direction of dip is seen on either side of the fiiult. West 
' of it the beds dip south ; east of it they dip souih-south»ea8t. South of 
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Btumipoor, a fiiult oocuxb between the Bordkan and IranetoneB. This hr 
one of the inetanoes in which the existence of springe confiriaed tibe 
decision which I had already formed as to the presence of a fiailt Be- 
garding this . fault there can be no doubt, and the only regret I ha^e to 
express is that others in the vicinity are not so dear. Hie fiinlt was first 
suggested by finding that the middle and lower groups were brought into 
contact with each other, the former possessing a dip of 26** to the north by 
east, whilst the latter dipped to the south at an angle of 85^ No anticlinal 
or synclinal could explain such a relation, and there was no help for it, 
but to bring in a fault. As confirmation, the discoveiy of the springs 
was most fortunate. 


No coal is seen in the actual bed of the river, until half a mile or so 
west of the Sut Nuddoe. The dip of this seam 

Chootooa Bt ction. * 

is 9** north-west. It is a little over a foot in thick- 
ness. The real section of the Chootooa commences first at the bend of 
the river, wjberc it is joined by the stream coming from Kheddala. 'The 
measurements were chiefly made of the beds east of the powerful 
dyke which crosses the stream nearly duo south of Bayhaon. A bed of 
good coal six and a half inches thick occurs along the right bank dipping 
north-north-cast 13°, It has above it stony coal one foot seven and half 
inches. Below it come— 


Ft. Xq. 


Slaty carbonaceous dialo „ 

Good Coal 

Slaty carbonaceous sbalo 
Coal about one and six indies, 
along its strike ... .. 

COi^ ... ... Ml 


It merges itito carbonaceous shi^ 


8 0 
0 4 

0 5 

1 6 
0 a 


The same beds are re-exposed further down the stream, at the place 
where it flows north-east. The section is~ ' 


Stony CMabove 
Coal 

Slaty caitaiiiceoos dude 
Cool 


Slaty oarbonaceoiis dialo 


Ft In. 

... 1 0 

... 0 6 

. iM 5 O 

.#.0 4 
0 5 
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BOKABO COAL-HBUD. 


• • ••• ••• 0 9 ^ 

JPemigiiiotts slialb ««» ... ... ... 0 1> 

CM ... ... ... ... 0 2) 

CarbonaceoiiB ihal^ then eandstone* &c. 

The beds to the east dip 87^. hut undulate, and ao exhibit various anglea, 
according to the winding of the river. 

Mr. Williams* section was made lower down the stream, and nearly north of 
Layeo. For the purpose of comparing measorements 1 made one. Therg 
is a good deal of difference between ns in the details, although we both 
arrive at nearly the same oonolnrion regarding tiie gross Sickness of 
the beds. Tho coal seam marked ox fiset on the map riiows where the 
section was commenced. 


In desoaiding order— 


1. Cbol sesm, indistinct, probably 6*0” to 

2. Highly mica(;^nB fine grained siliceous sandstones 
8. jQrey argillaceoni shales 

4. Sandstones and shales like tho above, but not distinctly seen 
6. Cool seam ... ... 

6. Sandstone and shale... 

*7. ^a2 seam, indistinct ... 

8. Carbo-argillaceoUB shale 

9. Soft micaceo-mlioeouB aandstone. and soft groenit^ folspathio 

ailiceons sandstone, alternating. Both of these lose all trace of 
■tratifleation. They contain a small quantity of lime, and also pieces 
of silt. The greenish sandstone much resembles the highest beds 
of the Bdniganj scries in the Juminoonee nuddoe in the Jherria 
field 

10. Coal (inferior) 

11. Fine gnuned sandstone 

12. Argilhmeous and carbonacoons shale ... ... 

18. Slightly carbonaceous sandstone 

16. Tmn-braded sandstone and brown arenaceons shales 

Dip 26® 

17. rMseam ... 

Underbed 

18. Arenaceous shales 

19. Oreenish gr^ massive sandstones and yellowish slightly calcareous 

aandstones 

20. Argillo-arenaceous shale, rippled... 

21. Grey argillo-arenaceous shales ... 

22. CoaZ (inferior). Dip 26® 

28. Gr^ argillo-arenacoous shales, with two bands of ydlow alightly cal- 
careous sandstones and one bod of carbonaceous riiale 

24. Fine c^ned white and gpreeifish micaceo-febpathic sandstone oon- 

taining pebbles, with intercalated .hands of yellow slightly cal- 
careous sandstone 

25. Cool not distinctly seen 

26. Blightiy caloareons felspathic silioenns sandstones Weathering into 

hollows ; Intercalated arebandsof ydlow calcareona sandriontf. . 
DipU6®. Bedistrikcmorenearly N. AS. 

27. ArgiHaceons shale 
26. Fine grrined sandstone 
20. Coneretionary argUlaceons dudes 

80 . OkMd(Hr. WimuBg’ 96 ' 0 "} 

81. Intermediate beds 

82. ’ CM ^hably Mr. WiUiamB* 0^10'^) 

ne ) 


Ft. In. 
1 0 


Ft. In, 

7 0 
4 3 
1 0 
9 6 
3 6 
7 6 
2 8 
0 8 


62 0 
1 6 
0 8 
4 8 
0 8 
12 0 

3 6 
0 7 

9 0 

82 6 
0 2 

10 0 
2 9 

81 0 


66 0 
4 0 

60 0 

0 7 

1 4 
6 0 

2 0 

0 10 
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83. iindflxMiei ati4 diilai ... ... . ... 31 4 

84. €Ml ... ... ... ... ... i ... 10 

3ft. Shalei aod flanditoiMi ... ... 14 0 

33. otmcali^b^ ... ... 0 9 

87. Bandsfame ... ... ... ... ... 1 0 

88 . OBriMiiaoeQiii mioaeecHueiiaoeoiii idialeii ... ... ... 4 0 

89. CkmoratloDuy owbo-wgU]MM»iii diailes ... ... 9 0 

40. Cm; ... ... ... ... ... ... ft 0 

Thia coal ia nofc of inperior qmlliyi but ft is batter tbaii that of the 

• other aeama in this river. A twist in strike oeeun in the seam ; 
a few beds under it are visible on the right bank of the stieaiD. 

41. Qm axgiUaceoos shale ... ... 4 0 

42. Coeujf shale ... ... ... ..06 

48. Sandstone ... ..0 6 

44. Grey argiUaceons shale . . * * . *• 13 

46. Fine grained mioaceo-siliceons sandstone ... ' 0 9 

A reverse dip takes place, so that a synclinal trough is formed. As 
the river flows transverse to the axis of the trough, the beds which 
occur on the north face of the synclinal are lower in the series than 
the ones which we have been studying on the south face. This is a point 
to remember when going over the ground. The beds enumerated iu 
the following section will illustrate the group, in succession downwards, 
to within a hundred feet or so of the highest strata in the Bhagalatt^. 

Ft. In. 

0 . Felspathic slightly oalcareons sandstones, dipping at an angle of 70^ 

S.SW. 

b. Fino grained micaceo-sUioeous sandstones variegated and thin-hedded. 

Also arenaoeouB and carb-shales ... ,,, jgg q 

c. Slightly calcoreoue, highly felspathic greenish fine grained ihlsei 

Mded sandstones gl q 

d. Argillo-arenaoeoiis shale and slightly calcareous yeUow sandstone 70 0 

t. ^o(<«) ... ... ... 2* 0 

j. Brown sandstone ... ... ... ,,, 4 0 

Carbo-argillaoeons shale ... ... ... 14 

h Coal ... ... ... ... 2 6 

Underhed ... ... ... ... q 4 

t. Ordinaiy fUsc bedded greenish sandstone, IKp 66^ ... 4 g 0 

J. Micaoeo^ioeons aorgillsoeoas shales ... 21 0 

dr. Gr^ very micaceous felspathic sUioeons sandstone ... **/. 14 0 

1. ODo^duile ... ... ... 2 9 

m. Grey ar^laoeons oonoietiomuy ihalee, conUining plant impraasions 9 S 
«. Thin-bedded greenish gr^ymicaceo-argilhioeous shales and samdst^^ 27 6 

e. Bandstonea like ( 0 ). ... ... ... ... yg a 

p. Ouri seam (nnoertain) 

7 - ••• ••• ••• - - * ® 

t. Falae-bedded ndcaeeo-ftlspithlo ailSoeoas SMnlrtone 4 

small per cent, of lime ... *... ’ 24 0 

f. ArgillaoeoiiB end carhonaceoiis shele ... 4 g 

». Goneietionaiy argillaoeona riialea ... Ig q 

e. Gaihonaceoua diale and one thin lay er of coal ... ... | g 

Sanditono amd ahale .... 120 9 
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iihe wliole of the coal in this part of the Section is had. Bdow 
llSk’ lUMstion of the left bank of the Bhagalatta and <he left bank of 
1 I |0 Chootooa are some sandstones^ after whidi the Chootooa toms, 
and the section is partially obsoured. It wonld have been interest- 
ini' to have had the lodis exposed thionghont, for observationB 
might then have been made on the combined effect of plicatfon and 
denudation. 

The beds ate bent over to the north, near the end of the last reach 
but one before it unites with the Sokaroh. Walking southwards they 
are passed over in descending order, and th^ ought to corteqtond to the 
ones measured above denoted by letters. I have not mentioned that 
a coal seam occurs north of the synclinal ; it is again seen on the south 
of it, and measures five feet and two inches. 

The section is 

Ft. In. 

la. Sandfitone forming fmUdinal ... . , ... . 

2a. Very fine grained urgillo-rilioeons sandstone ... .80 

8a. Slightly carbonaceous arglllacoous diole ... . .08 

4a. Gt^ argUlaceons sbale ... ... .12 

^ Fine gnunedj thin-bedded sandstone and highly carbonaoeoaB shales 

Dip 25®. 

6a. Ooalseam ... ... ... . S 2 

7a. Gn^ argillaceous shale ... ... .80 

So. Slightly carbonaceous ar^laceons shales ... ..0 2 

9a. ArpUaceouB shales containing plant remains; also sandstones 
lOo. Coal ... ... ... ... .08 

11a. Carbonaceous shale, slightly coaly in places ... ... 8 8 

12a. Goncretionaiy arg^aoeous shales ... .26 

18a. Sandstones contuning plant remains ... ..18 

14a. Coal ... ... 0 11 

15a. Grey argillaoeouB shales, concretionaiy ... ... ..8 4 

16a. Sandstone (indistinct) about ... ... ... 16 0 

Then at the Junction of the two streams ooally sba]e,aiid fidse-bedded 
greenidi sandstone. 

From No. 18a 1 ebtained a q;>ecimen of the genus 

This phmt is ahmost typical of Baidkan. The ap- 
peaauce of the thick maasivdy bedded eandstones 
near Layeo was rather against thor being reeks of the kfwer group, but 
the oecurrence of pebbles, a specimen of JstcropijflUht, ud $m apparently 
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unbroken eooceeeion from the lowest bed in the B h agnla t ta to the 
clinalj all tend to demonstrate that we mast regard the sandstones as 


Westwards from Layeoi there Is not any particolar point of inter* 
^est to dr^ attention to^ and by far the best idea of the geology of the 
district can be obtained by looking carefully at the map. The fiuilt 
south of Gosee has been already explained j the character of the Baid« 
kars has been very well illustrated in the various sections^ and it now 
only remains to describe the local occurrence of coal. I am aware that one 
or two small streams in which coal probably cropped out to the stWfim wme 
not examined by me^ but this was because they would only have re-exposed 
seams that I had already observed. It would have been a groat waste of 
time to examine the section of three and four parallel or nearly paralld 
streams within 50 or 100 yards of each other. Such close work was 
uncalled for^ and therefore on one or two occasions I have used my own 
discretion as to whether 1 would examine a certain stream.^ 


North of Ehoddala there is a tributary of the Chootooa, in which one 
good seam is exposed^ the others being too small and 

Kheddala Nuddoe. 

too poor in quality to be of any use. The good 
seam measures 12 feet^ and dips at an angle of 12^ The coal bums 
briskly and freely. Above it in tiie series is a seam two feet and ten 
anehes thick. Where the river flows south of Eechakdeeh, there are two 
seams respectively two feet six inches and two feet three inches. 


South-west of Kurmutteea a lar^ bed of carbonaceous shale occurs, 
dipping 6^; at the base there are three feet of 
Coal noor Kuimatteeo. Between Kurmutteea and Eedudedeeh, 

a river not marked on the revenue maps exists. In it there are some 
seams of indifferent coal. 


^It mast alio be rsoollootad that none d theae atreans were marked on the map. 
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Throe stony seams crop out in a drytrater 
Weft of Dooroo. eoutso west of Dooroo* They are of small size. 

Two streams south of Bossutpoor flow into the Chootooa on its right 
bank. In the most easterly of them a seam 15 feet is visible. In the 
westerly one only a portion of liie seam is seen (three feet). 'Jliis seam^ 
dips south-south-east. About 20 yards north of it^ we have Oarbonaceous 
diales dipping to the north. This circumstance is one of the best proofs 
of the fault between the Bardkars and carbonaceous shales. 


South ef Kheddala^ there is a toleh of the village called Jhecma ; 
north of this village an outcrop or two of coal is seen. 

West of Jheerna also there is coal^ and a very fair section is exhi- 
bited by the Jheerna Nuddee. 


East of Ghatotand coal occurs, having a very small dip. All 
these seams, however, are out of the way, and as the ground is hilly, 
the coal could not easily be carted. 

West of Ghatotand, in the Beessoor Guiha, there are three seams, 
of which I can give no opinion. 

In the area included between the Bokaro and Chootooa there is 
now only the section of the Jheerna Nuddee, which has not been given. 
Before mentioning it, however, I will bring up the section of the Bokaro 
to the point where the Jheerna Nuddee falls into it. 


West of the Chootooa, the first coal is visible due north of Teelaya. 

It is thrown by a fault heading north-north-west. 

Bokaro. 

The measurement of the seam east of the fault is-^ 

From top to bottom. 


Ft. In. 


Concretionary oarbonaceona and argilla- 
ceoua ahales. 

Coal (ffood) ... ... ..10 

Coal (middling) . . ...2 0 

Mioaoeons rarbo-argUlaceoas shales 2 8 
Coal ^t bottom) mm ... 2 0 
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4» 

VtU. 


X dyke i^peen wert the Ault, and tbes the Methn tt tftttf 

dWTe 

1. Por tlie flisfc lOO ywdM beds obscure. 

2. Coal seam (indisUnot) a few feet. 

8. Coal (good). Dip 70* • •a •.« ... 2 2 

4. Mioaceo-fdspathic sandstone ••• ... ... ... 12 0 

5. Cbafseam ... ... ... ... ... 6 0 

6. Carbonaceons shale ... . . ... ... ... 1 2 

7^ Mioaceons sandstone and eaTbo-argillacecms shales; some of the 

latter become coaly shale owing to thin layers of coal ... 88 0 

8. Osa^seam ... ... 1 8 

Three hundred yards, then river toms, and section is broken. 

Another roach of theriver exposes bods highmr in the section. Dip is 
west instead of south. 

(a) . Coal scam. Dip 14^ west-south-west .. ••• ... 6 9 

A largo seam at the mouth oi the Juggoysur nullah occurs under- 
neath (a). It is not well seen on acconnt of the sand aod water 
in the Bokaro. ' 

Al>ove faj— 

(b) . OirbonacoouB shales, and arenaceous sandstonos intercalated with 

slightly calcareous tUin-bedded yellow soiidstozms ... 37 0 

(c) . Coal Buim ... ... ... ... ... 4 0 

Ft» llL 

Coal (very inferior) ... ... 1 0 

Saiulstono ... ••• 1 0 

Coaly shale . ... ... 2 0 

(d) . Ferrugino-arcnoccous sandstone ... ... ... ... 1 6 

(r). Coal scam ... ... ... .,45 

(J), Aretio-caibouacoous shulos ... ... ... ..40 

(y). Co€U (good) «•* ... ... 1 8 

Dip 14“. 

Thirty yards up tho river the bodh become horizontal ; then 
they dip again to the we&t^ and wc get— * 

(A). Sandbtonua a few feet. 

Above these — 

(f). bholcsand yellow sandstones ... ... 10 0 

0). Coat. 

These beds become crushed, and nothing is distinctly seen. One 
hundred and thirty yards up the river, the intermediate beds being prin« 
cipally sandstone, a large seam of coal occurs, the bgttom portion of 
which is of excellent quality. Its dip Tarios from ll** to 17^ The coal 
of this seam burns excellently, and is very much superior to any in the 

Cool near Gosee neighbouihood, excepting a scam which crops out 

in the Oosee and Layeo Road, which is the best 
in the field, as far as 1 am aware ofi The seam at the mouth of the 
J^Qggaysur nullah is probably the continuation of this one. « 
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BOKABO OOAIi^VlBLD. 


Botaro Section, (ecnid.J^Vfmk of tlie seam in the Bokairo which was 
stated to dip at ir to 17* a fault of small throw crosses the river, pursu- 
ing the general course north-north-west. Between it and Oosee three or 
four flflftinfl crop to the surface. One of them is accompanied by trap. 
The angle of dip in the largest seam is S6*. 

South of Gk>Bee a seam injured by trap occurs. The village water 
gh&t exposes a bed of carbonaceous shales on one side two feet six 
inches thick. The beds dip north-north-east. There is east and west 
flexuring accompanied by small faulting, which give the beds a complicat- 
ed appearance. 

About quarter of a mile west of Gosee coal again occurs and the 
section in descending order is— 

Ft. In. 

1. Saadstonei. 


2. 

Co0il ..t ••• 

•sa 

... 2 

6 

S. 

Micaceous sandstones 

■ •s 

2 

0 . 

4. 

Slaty carbonaceous shales 


6 

0 

6. 

Cotu 


1 

4 

6. 

Shale 


2 

0 

7. 

Coarse rilicoo-felBpathic sandstone 


1 

0 

8. 

CarhonacoouB shale 


1 

3 

9. 

Frispathic sandstone and carbonaccons shale 

• es 

9 

0 


Small fiiult ruxmiug N. and S. 




10. 

Carbonaccons shale 

at* 

0 

8 

11. 

Coal seam 


... 20 

7 



Ft. In. 




Coal 

0 10 


• 


Carbonaceous shale 

0 6 




Coal 

0 4 




Concretionary carhonaceoni shale 

6 0 




Coal (good) 

8 0 




Coal ^oor in quality) ... .. 

, 4 0 




Carbonaceous shale ... 

. 2 0 




Total of Coal .. 

18 2 




The Beam is thrown again, and the ianlt heads in thosame direction 
as before. 

The river here bends and exposes beds higher in the series, and we 
get repeated the whole the strata from No. 10 to No 1. 

Above the sandstone No. 1 comes — 

••• ••• ••• ... 1 4 

Carb-arenaoeoas riiale ... ... ... i ig 

The beds following are distnibed^ and seam Ko. 11 and its asso- 
ciated looks are again seen. 
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Tbe river now tuna to the eonth and the whole of ihe '»eks am 
om^tdiy hid, as £u aa Fiadm or Jheona Nnllah, and atUl ftirthn to 
th^weat of it above quarter of a mOe. Here a aaaa oooim diqi|^ng 
nnth'Weat at aa angle of 62°, thidmeaa rou^y eatamsted at 18 ftek 


, Ahont 300 yaida weat of ihia the upper portion of the group ia 
remarkably wdl aeen, and indeed it ia the beat aeetion for iOnatiating 
tile nature of the Tq>per Baitkaia. 


The courae of the abeam ia from oast to west, and we have ia 
ascending order— 


L €hal ... 

2. Aigillareous and carbonacooui Blialo 

8. Coal 


Ft Jtl 
1 6 
8 6 
16 0 


Dip2B*N. W. 

4. CarhinaceoaB shales with Ihin-bedded BandstoneB ... ... 26 0 

6. Coal\ Bhalo and concretionarj carbonacoons sbalo ... ... 22 6 

6. Coal Bomn ... . ... ... ••• 9 0 

Dip 36®. 

7. Concrotionai 7 carbonaceouB sholo with indpiont ironstones and thin 

sandstones ... ... ... . . ... 41 8 

Dip 40®. 

8. CarbonaoeoQB sbalo ... •*. ..a t.t 1 4 

9. Co(A % • ... . . ... ... 6 8 

Dip 85®. 

10. Sandstone ... ... ... ... ... 171 0 

11. Concretionary carbonaceous shnlos, with incipient ironstones. Coaly 

shales passing into coal ; and slightly calcareous ferrngmons Ban£ 
stones ; also thin beds ^ aii^ilo-felqNithic sandstones ... 114 0 

12. Coal ... .. ... ... 2 0 

18. Argillaceous dialog with dightly fomginouB hands ... ... 2 0 

14 Sandstone ... ... ... ... ... 4 0 

16. Cho/ scam (middling) ... ... ... ... 6 6 

16. Argillaoeous dtales, carbonaceous shales and sanditonea ... 110 0 

Ironstone shale series. 

The passage of Bardkars into ironstones is very distinct here. 
SAfaiwiing eastwards to the sections whirii have not yet been noticed 
south of the Bokaro, the first to remark upon is that of the Bngjobts. 


JVWddse.— This river flows east of Teelaya, and esposea 
the Bouthera bonndaiy. The bottom bodisanim^ient conglomerate; 
above it come sandstones and shalea. The former am not so masrivriy 
bedded, as tii^ usually are at the base. 
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Jk Styke occurs nearly due west of the Teekadar's house ; and ht the 
west comer of the river is u miall seam. Between this point and the 
wiBage of Dhakasarum, oonndexable rolling in the beds cocurs, and^the 
tortuous course of the stream brings us in succession upon dips, vary- 
ing towards nearly every point of the compass^ 

The middle Bar&kars are well exposed near Dhakasamm. 

The first good coal is seen 230 yards south of the large dyke. 
There are three seams close to each other. The best in quality is the 
highest of them^ measuring three feet and four inches. 27 yards 
horizontal across the strike of the beds brings us to a seam of one 
foot (good in quality). It occurs north of a bend in the stream; 60 
yards horizontal from this, and we reach another seam; and then 4(5 
yards farther a seam injured by trap. The large dyke crosses a little 
lower down. North of it there are two more instances met with in which 
trap accompanies carbonaceous beds, and then a dyke heading east and 
west, or slightly north of east. The continuation of this dyke is exposed 
in the Bokaro ; ihen it passes inland, and ^ain crosses the Bokaro, 
and strikes south of Layeo. 

The beds north of the large dyke are carbonaceous shales with 
ironstones, but they are cut ofl* by a fault heading north-north-oast, 
which causes an upthrow of the Bar&kars, so that the latter appear and 
continue Steadily to the junction of the Bugjobra and Bokaro. 

Vault with trap , — ^This fault is accompanied by an intrusion of 
trap, and is the only instance excepting the example, south of Teelaya 
and west of Ooda, of such an occurrence in the whole of the field. 

In the Bokaroh there is evidence of another fault ; as in the strike 
of the beds of this sectiouj we have strata much lower in the series. 

WtBi of Teelaya.— Thm are two nullahs, in whidi nearly the same 
sections are exposed. A large seam occurs just before t^e str^puns &11 into 
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the Bakaxo, Its thickness is nine feet. !Ihe beds dip steady south. 
As we go up the nuUahs two more seams are met with^ and then some 
carbonaceous shales wiUi ironstones. A reverse dip takee place in these 
beds, and then the section is in descending order. Local dips are asen 
in this area similar to those in the Bugjobra. 

JTeat of Ooaee and north of Bo£aro.~There is a small river 
west of Goseo, known by the same name (Bhagalatta) as the one which 
unites with the Chootooa near Layeo. In it there arc some seams, and 
a dyke is also seen. There is ample evidence of a series of faults 
varying in direction fiom north to north by east. They are not of 
great throw, and are not of much interest except as indicative of an 
area of weakness. Towards the source of this stream, the middle 
division of the Bar&kars is well exhibited, and the deep yellow iron- 
stones of that group crop out on/the surface in great abundance. 

Boundary north of Juggaysur . — ^The boundary north of Juggaysur 
is undoubtedly a natural one, and the regular pebble beds of the Bnxfir 
kars are excellently developed. Several runs of quartz breccia and granite 
occur ; indeed the great number of the latter is quite a feature in the 
district. 


Underlying the Borfikars, along many portions of the iKiundaiy, is 

Pseudo-Talchfrs. ® compact reddish green silioeo-ferruginous 
roGk~that is probably gneiss, which has beou 

impregnated to a considerable extent by *the elements forming the 
sedimentary rock. It has veiy much the appearance of Talohirs. 


Seerha Nullah,—! did not take the trouble to measure the section 
in this river. I merely noted that coal occurred near the boundaiydip- 
ping at to the north, and that at its mouth the coal inclined towards 
the north-west. 


Jheema or Pindra Nullah,— Ih the neighbourhood of Jhoema there 
ere so many rivem to choose from in which to make sections that it 
it difSbult to tell which one to go up* 1 have, however, ohosen to follow 
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tli0 eome of the one which papBes neatest to the villages of Jheerna and 
Ohnrhay or Ohumkeea. ^ese villages axe pzominent marks and in- 
dicate best the localify of the section. The dip of the beds here is 
slight^ and in many instances rolling takes placOj so that the laige spread 
of the Barfikars can easily be accounted for. Some way north of Ohur- 
kay, we only meet with sandstones, all of which are of Barfikar type. 

The first coal seen in the river is a small band two inches thick, with 
ooncretionary carbonaceous shales above and below. About eight feet 
lower in the series is a seam two feet four inches. About 200 yards 
further down the river is another seam four feet, with carbonaceous shale 
capping it. 


» The quality is excellent; and when the seam is first seen it is 
perfectly horizontal. It is exposed four times, and the last time has a 
souUi-weBterly dip at a very small angle. 


Below the coal comes— 


1. CarbonaceooB dialo ... ... ... ... 

2. Cdal ... 

8. CorbonaoeouB diole with sligbtlj fcrrugmoos bands thickening in places 

4h Fdspathic sandstonoB 

6. Conoretionaiy carbonooeons shale ... 

6. Coal (good) 

7. Concretionaxy carbonaoeons shale 

8. Coal (good) 

9. Carbonaceous sbalo ... 

10. Felmtbic sandstone ... ... 

11. (good) 

.ti ••. .*• *.• 

Dips® 

12. Sandstone ... ... ... 

18. Carbonaoeons shale ... ••• ... 

14. Cbal 

15. Sandstones and, eatbonaceons shales 

Thirty yards — stream joined by a small fbeder west of Jheerna | in this 
th^ is A seam exactly qppndte the vil^ge of very good quality. 

Tinder it the section is— 

Ft. In. 

Intermediate heda (ahont) ... 80 0^ 

Garhonaeeona shales passing into are* i upwards. 

naoeons dudes (about) ••• 16 0^ 

Coal seam (middling) about ... 2 0=Nb. 14. 

Sandstones, ... 18 0»Vo.l5. 

Then Jheema or Findra Kullalu 

16. Ssn d it o nes, 4U!. 


Ft. In. 
6 0 
0 8 
6 6 
2 0 

1 4 
1 0 
4 0 
0 8 
8 9 

2 0 
6 0 

1 0 
0 8 
8 0 
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Waterfidl 8 feet high. 



17. 

Coal 


0 

4 

Ih. 

Gonerettonai^ earbonaceons shales 


1 

2 

19. 

Sandstones, felspathic 


... 6 

0 

20. 

Slightly ferrDQiinous fine grained sandstones .. 


... s 

0 

21. 

Concretionaiy carbonaoeoni shales 


... 7 

0 

22. 

Micaceo-fels^thic sandstones ... 


0 

10 

23. 

Concretionary areno-carltonaoeoas shales 


2 

2 

24. 

‘Sandstone 


0 

8 

25. 

Corbo-argillaceouB shale 


... 3 

0 

26 . 

Cba^seam 


... 9 

1 


Dip 8“. 






Ft In. 




Coal 

2 10 




Ctirbonaceous shalr 

4 2 




Coal 

2 1 




Tfdiil of Coal ... 

4 11 




27. CtirbonRCCouB Bhulc ... 

28. SumIbIuiicb 

2nd Fall. 

29. Carl)onnrcouB sandy shales 

30. Coat warn 

31. Coneiotionnry shalos with a sinaU band of coal 

82. Miriiccous teispathic sandstones 

Dyke. 

33. CaTbonacoous shnles imperfectly seen. 

Where the southern fault rrosses is not distinctly seen. 

31. Micaceo-felspathic sandstone 

Srd FaU. 

85. Carbo-arenaceous shales ... ... ... ... 10 0 

36. Coa^ seam (many parts good) ... ... ... 17 0 

This seam appears thicker, but it is faulted and causes a deception. 
Underneath, sandstones occur, and then the section is obscured 

37* The section becomes clear where the river for the fourth time falls 
Both above and below the falls coarso felspathic grits occur. The 
beds here become much contorted. 

At the bottom of this fall (which is about 200 yards from the 
Bokaro) a succession of coaly and carbonaoeous shales crop out 
that extend over 300 feet horizontal. 

This area is one in which seams are plentiful, and the quality of 
many is that of good Barakar coal. The locality is difficult of 
access however. One drcuxnitance is fryosaUeb «>d that is tlie 
lowness of the dips. 

Gkatotand.—’Eost of Gbatotand a Viver shows the southern fault 
and a seam or two of coal. West of Ghatotand^ the Beessoor-gurha 
exposes three seams^ the one near its mouth is large^ and dips southerly. 

Section of Boharo fconldJ^^The Bokaro where it enters the field 
exposes a little nose of pehble beds; then passes exclusively through; 
gneifw^ and afterwards re-enters the Bai&kars west of Foosro* A fault 
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forms the boundary. This fault is confirmed by the occurrence of a 
isratta sulphureous spring that breaks out on the line of shift. The dip 
is at first east; but coal is not seen until the beds incline to the north- 
north-west. 

The seam marked seven feet four inches on the map is the lowest 

in the series. Its details of measurements are, in ascending order. 

Ft. In. 

Coa^ middling (not all seen) .. ... ... 6 0 

Parting slaty shale ... ... ... ... 0 4 

Coal ... ... ... ... ... ... 1 0 

Ft. In. 

Intermediate beds ... ... ... .. 23 0 

Coal (inforiar) ... ... ... ,. (flO'to ..10 

Carbonaceous sbalo ... ... „. ... 0 6 

Coal scam (indistinct). 

Int<mediato beds ... ... ... ... 28 0 


Dip 1B“ N. by W. 


Cota Beam 


Oraly diak «.• ... ... 5 0 

CbaZ (good) ... ... ... l 0 

Then rocks not distinct. 

Below the junction of the Bokaro with the Boodah, there is a scam 
11 feet thick. Section from top to bottom— 

Ft. In. 

OaibonaceBimr dnOe slightly coaly ... 8 7 
' Coal (average quality) . ... 1 0 

Carbonaceous shale shghtly coaly ..65 

The bottom portion of this seam presents an admirable case of interca* 
lation. ^ A very peculiar and woU marked bed of sandstone wedges 
it self in, and a portion the carbonaceous shale is seen under 
as ^dl as above it. 

IChe Bokaro does not eiihibit anything of interest between this and the 
Foosro Nullah. 

Fqobto few yards from the boundary, there are slightly 

ooncretionaiy carbonaceous shales. About 75 yards from the boundary, 
a seam has been o»tinto, but is now filled up with sand. At 180 yards 
another seam also filled up. The <^al is used in Hazareebagh for brick 
' Goal used in Halares- burning, and several Natives have taken contracts 
to supply the coal. They are now outting into 
some of the seams, and it is by them that the beds have been worked, and 

then abandoned, when the trouble of holing the coal became too great* 
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Eor 200 yards from (ihe last seam the river is very mnch Obseored ; 
then we oome to a bed of stony coal; and the only reason I notice it 
is because it has been cut intoj and because it b near Foosroj and serves 
as an index of position. 

It crops out for 200 yards along the face of the river. Its dip is 
east 8° and thickness three feet and eight inches. Below it is carbonacc* 
ous shale. This coal is only fit for the puipose for which it is employed^ 
namely^ brick burning. 

The section then becomes-* 

Ft. In. 

1. Hl^lily aronaceoufi sandstones, very fine gri^incd ... ... 41 6 

2. Carbonaceous slialcs . .. .... 24 0 

8 . Coal (being cut into, 186G). Dip 6° to 10” ... ... 2 10* 

4, White luls^thic sandstone ... ... ... ' • ••• 4 0 

Bokaro River. 

The above coal changes in its strike, and then dips south-west. It is 
worked on both sides of the river. 

Bokaro Section (contd,') , • 

Then— . 

* 

Above No. 4 is a bed of coaly sholu that has been largely worked. It 
dips south at an angle ot 10®. ^ ^ 

Coarse fclspathic qnart/ose sandstone ... ... 26 0 

Variegated flue grained sandstone ' ... ... ... 26 0 

Dips. £. 

Concretionary carbonaceous shale .. ... ... 4 6^ 

Highly fclspathic micaceous sandstone containing pebUes ... 84 0 

Coaly shale. Dip 6° ... ... ... ... 26 0 

Carl^-arenaoeous shale ... ... ... l 10 

Carbonaceous sliole. IKp 10® , . ... ... 10 0 

Fine grained whitish carlto-snireous sandstone^ rippled ... ^ ^ 7 0 

Coal sin some places coaly shale. Dip 10® 8. £. ... .... 9 6 

Reddish, variegated, coarse ghiined ftlspallilc sandstonest^It Is 
reversed and dijis dorthrnortb-west 20*. This, aandstone holds 
steadily as far as the Ki\jree or Qiyree Nuddeo. 


Kujree NullaL— The section of this river ip imperfect. Hie 
booDdarT is about 15 ywds north of the Tapin and Chnrhe^ Boad. 
Proceeding down the river, a very atony coal has been cut into, bat 
was abandoned quickly, on account of its bad .quality. The heda 
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iadi&e gently to the south. A little lower down the stream is a bed 
of coal, two feet six inches. TTnder^ and also above it^ are carbonaceous 
shales. The dip has increased here> and is as much as 15^ One or 
two other seams occur^ but the section is very imperfect^ owing to 
the general occurrence of sand. Just where the nullah joins the 
Bokaro a large bed of shale crops out. This has also been cut into^ 
under the expectation of getting coal^ but excepting in places where 
little strings of coaly matter occur there is no at)proach to coal. The 
dip is north in the Bokaro. 

Three hundred yards east of the Kujree^ the Tapin and Mando 
Bokaro flection ghdt occurs. A seam of coal has been cut into 

where the road crosses. The dips are west and west-north-west^ at 
angles varying from 10'’ to IS". None of the seams have any pretence 
to be called coal seams, but as they contain small strings of pure 
matter, probably theg^ b«m sufficiently well for brick-making. After 
on interval the dip is north-west, and there is a basin-shaped depression 
in the beds. * A dyke occurs some little way farther, crossing the 
Bolnuns. Its extension in the direction of Pindra is plain enough, 
but them is no trace of it near Mando. West of the dyke is a 
seam* {lartiaUy injured by trap. The river then runs nearly duo 
east/ and flows through sandstones, cutting in one place a gorge, 
wbidi, although not deep, is instructive in its way, as exhibiting the 
excavating power of water. The water at the bottom of the gorge is 
very ood. and pleasant to drink, and in the hot months, it famishes the 
most interesting portion of the section. The sandstone in the gorge is a 

Su n d utc M highly fell- f®lspftthic siliciouB stone containing nests of 

pBthic. boulders and pebbles, strings of the same, and 

* oakbonaoeous strings. 

The dip of this sandstone varies in its direction, being sometimeB 
northerly, at others southerly. In the jungle, however, south of the river 
the dip is north-east. 
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It was in tiiis jangle that I found some stone impl^entsi whioh 

imidemsiiti. are now in the Geological Survey museum. 

The felspathic sandstone noticed above forms the bed of the river 
for a long way^ as its strike coinddes with the course taken by the 
•stream. Coaly shale is seen in one of the bends injured by trap. The 
next bend of the river again brings in the felspathic sandstone. 

After a long interval the coaly shale re-appears^ not injured by 
trap. It is four feet six inches thick. It possesses scarcely any dip. The 
felspathic sandstone holds steadily on down the stream^ worn into hollows 
of every conceivable shape; pot holes meet one at every step. The 
generality of them^ however^ contain no pebbles^ and are evidently the 
result of mere water action. 

A large seam occurs nearly west of Ghatotandj or rather west of 
the mouth of the Bcessoor-gurha, measuring* SZ feet in thickness. 
The direction of dip veers about^ and from tins' point to the confluence 
of the Hoharoo and Sokaro is never steady. The sfum -itsdf dips 
in one portion east and then becomes east-sQutb-^aet. Above the seam the 
dip remains steady east-south-east for about half e mile. Iho angle of 
inclination varies in amount. It increases in the beds above the 22 feet 
seam, but when wo get to another large seam it decreasee again and 
becomes nearly horizontal. This latter seam is a mixture of carbonacoona 
shale and coal, but portions of it are worth extracting. The dixectionB 
of the dip arc shown in the nu^. 

The carbonaceous shale group crops out in the river south of this 

. * 

last seam. 

« 

Some more scams are seen in the Bokaro, cask and west of Suroo* " 
bera. The beds in the Bokaro are higher than th^in the Hoharoo. ^ 
I will, ae there are only a few feet of Barfikars exposed in the Hoharoo * 
near Bongahara, unite the two sections. ^ 
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Hoharoo portioH . — In ascending series— 


1. Coal mam (not of good quBM. IBp SO” ... 

2. Bed feiruginouB Bandetone and carbonacooua ahalo 

8. Fine grained gr^ fdgpathio aandstone 
4. CEffbo-arcnaceooB dude ... ... 

6. Fine grained sandstone containing pobUes ... 

6. Variegated pnrple and black sandstone 

7. ConA 

8. Purple sandstone, and rilioeo-carbonaceons diale 
9* CooIm diole with lenticular ironstones and bands of purple" sandstone 

DipN. 

10. Coal^ shale principally, but some portions becoming very good coal, 

more especially at the base ... 

11. Carbonaceous shide with a few ironstones, and siliceous sandstone ... 
13. Coal ... 


Dip 18®, 

Boharo Siver, 

Boharo pwtion^ 

18. Thin-bedded ferruginous sandstone, and carbo-arenaceous shole ... 

14. Coal (inferior) 

15. Mostly fine grained sandstones and carbonaceous shales with two small 

seams of ooal . . ... ... ... 

Carbonaceous shale series. 


Ft. In. 
25 0 
9 8 
1 0 
1 1 
8 0 
15 6 
0 8, 
19 0 
18 0 


85 0 
80 0 
0 8 


16 0 * 
1 2 

180 0 


Tb/d river ihen' ttims^ and essentially the same section is seen, ^ 
slightly altered, however, by email fanltings and the thickening of beds 
of sandFtonc. No,. 10 becomes of better quality, and would be a far 
•better sesm. to wbrliL for the ood required in Hazareebagh than the 
sketched ones which ore cut into. The contractors, however, have to 
fsmish a certain number of maunds for the rupee ; and therefore it is their 
olgect to obtain the heaviest and must stony coal thoy can, because tbo « 
required ' weight will then be contained in a smaller bulk, and the 
expense of procuring and conveying be lessened. 


Boiaro Section In the Bokaro, north-east of Suroobera, two 

seams of coal occur dipping to the north ; their section is as follows. 


In ascending series-— 


Dip N. 

1. Coat ,,, ... ... ... 

A smoll fault. 

2. Irunstcma and carbonaceous shalo 
8. Coal Boom 

* (inferior) ... ... 0 9 

8halu ... ... ... Q. 5 

Coal ... ... ... 1 2 


Ft. In. 
1 6 

19 0 

2 4 
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Ft. In. 

4. Sandstom nd carbonveecnis dudes idth ironstone ••• 137 0 

6. Coal seam. Dip 66*^ ... ... ... ... 14 0 

6. SameiiBNo.4 ... ... ... ... 81 0 

7. Cool seam ... ... ... ... ... 8 8 

Then within a few feet comes the carbonaoeoiukdinle groiq». 

These rochs occupy the same position in the series as those enumer- 
ated in the Hoharoo and the previous section of the Bokaro (p» 46). 

*It is true there is not an exact similarity of thickness in the seams ; but 
taking the entire i^ction of cach^ they resemble each other. 

Suroohera Mullah , — ^To the cost of Suroobcrai a small nullah 
£si.ll8 into the Bokaro^ and 20 yards from the mouth is a coal seam 

(which is lower in the series than No. 1 of the last section). 

Ft. In. 

Its thickness is ... ... ... 2 0 

Intonnedintc beds. Dip N. N. E. 40^ . . 42 0 

Cua^(good) . . ... ... 3 9 

Then l}elow this the rocks are not fully seen. 

Walking from Suroobera to Seerka^ three large scams are seen 
on the road. The dip is very small^ and in many eases horizontal. 

Byle . — South of Suroobera there is a large dyke. 

Doomnrhera . — ^This village stondiB fmrtially updh a bnint seani of 
coah The boundary south of it is faulted^ and there are numerous 
granite veins in its vicinity. 

West of Loomurbera . — A seam of coal one foot in thickness occurs in 
the Bokaro. This seam exhibits an interesting* example 'of parallel 
faulting. One of the faults is the same as ikat which cuts off the coal 
north-west of Bongahara. The remaining sections of coal are very few. 
None is seen in the tract north of Poreedeeh, between that village and 
Bokaro. Poreedeeh stands on a burnt seam. 

-North of Bongahara is the Chumargurha ; in it a 
few seams are visible. One of them of wretched quality is being cut into 
for supplying Hazareebagh. It is the seam cut off by the fiiult just 
referred to. The thickness of the seam is four feet eight inches. The 
other seams ore not worth referring to. 
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Moorpa nullai west of MD 0 fpa.—ln. this stream coal oocars very 
near the boundoiy^ dipping nearly due north at an angle of S6^ On 
going down the nullah more seams are seen ; the direction of inclina- 
tion turns to the west^ and there is a decrease in the amount of dip 
to 12^ One seam has been worked. In parts of it, it is fair coal. 
There is a good deal of iron however in it. A fault cuts it off at one end.» 
This fault is an nnmistakeable one, as there is a difference in direction 
of dip on each side of it, and it is indicated by a natural feature— 
a fall in the level of the ground, which produces a water-fall. In the 
Hoharoo the fault is again clearly visible, the ironstones being brought 
up against Bar^kars. The fault heads north north-west. 

Another river flows east of Moorpa. I did not examine its section 
minutely. Coal, however, occurs in it. 


Hoharoo Section (contd .) — ^The Hoharoo for the greater portion of its 
course flows through ironstones, but Bor&kars are visible at the Bunwar 
gh&t. On one side they axe faulted. In fact a series of faults exists here. 
I have no hesitation in saying that those which I have indicated are 
clearly established. Of all the faults in the field I cannot speak 
so confidently. 


The dip of the ironstones east of the fault is south -south-east 60** to 
70®, whereas that of the Barikars is north-north-east by cast 37®. 

The following section occurs 


Sfindstone. 

CarboaaoeonB and ailiceonB carbonaceooB ahaJe 

Sandstonoy (variable) •• sas • • TO' to 

Carbo-argillaceoHB diales 
Coal (impure) 

Fine carbo-rilicecoB Bundatono 

Coaly Bbalo ... . ... ... 

Dip 87® N. N. E. 

Variegated earbo-BiliceouB eandstone and abalea ... 

Concretionary carbonaoeoiiBrBbales ... ... 

Slightly calcareouB aandatone 
CaabotiaceouB sbaloB 

The river here turns, and a few of the beds are obBonred. The next 
ones coming plainly into view are thin-bedded fine grained sand- 
atones, some of tbcm are finely variegated* Calculated UitrimeaB about 
Coaly shale . . ... ... 
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Dip W. N. W. ‘ Ft. In, 

Extremely fine (rnuned pale yellow sandstonee ... ... 9 0 

A small mult lets down tliis car1)onaeeoa8 sludo, tbe depth of three foot. 
Carhonaoeons sandstone ... ... ... 3 0 

Purple felsputhie mivaceous sandstone ... ... ... 2 0 

Carbonaceous shales ... ... ... 8 0 

Sanebtono (almut) ... ... ... ... ... 2 0 

Carho-silicoons sliulcs ... ... ... ... ... 6 0 

Frlspathic sandstone at f^hat where Rnnchoc road erosscs tlio river. 

On the west side of the Hunchcc road the ironstones come in once more. 

Uiver easi of Mando . — At the mouth of the river, east of Mando, 
Bar&kars occur; but after an interval ironstones come in. A turn of 
the river re-exposes Bardkars^ and a fault is scen^ headings north of west. 
At the fault is a scam of coal very much twisted and disturbed. Going 
up the river another seam dipiung at an angle of 10® is exposed. The 
thickness is about 10 feet. 

Coal nf^at Banwar . — South of Bunwar In a small stream which joins 
the Hoharoo, a scam occurs 10 feet thick. 

Coal near Mungurdooha . — A river west of Mnngurdooha contains 
some seams. None of them appeared to be of even average quality, 
although quite fitted for burning bricks; and so I measured none of them. 

Nearly opposite Tocera to the north some scams occur near the 
boundary, which passes north of the Iloharoo. In the Hoharoo itself 
two seams are exposed near the western boundary. 

Butman , — Coal crops out north-west of Dutman. And one or two 
seams in the vicinity of Kodway. 

The Bardkars are exposed in a river north of Kodway, which 
is not marked on the revenue map. The dip of the beds is north-east 
to north-north-east. 

I have no other information to afford regarding the localities in 
which Bardkar coal occurs. I am aware that all the outcrops have not 
been mentioned, and that there are two or three nullahs whose sections I 
have not referred to. These, however, as was previously explained, were 
only at a short distance from other rivers, whose sections I had given, and I 
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judged it would be almost a waste of time to run sections iu botb. 
Scarcely any of the smaller streams which I have mentioned were 
marked on the map furnished to me. I had therefore the task of plot- 
ting them forced upon me in addition to my own work. The length 
of time thus involved in making as approxi- 
mately an accurate map as I oould^ rendered it. 
imperative that I should employ my judgment upon certain occasions^ 
so as to distribute my time to the best advantage. Thus the outcrops 
of some few seams in this district may not have been traced with the 
same care as those iu the more important fields to the cast. From the 
number of seams that have been described in the report and marked 
upon the map it may^ however^ be conjectured that very few could have 
escaped detection. 

I may here remark that every stream west of Layeo has been 
altered^ or mapped for the first time by myself. From the junction 
of the Bokaro and Chootooa to that of the former river and the 
Hoharoo^ every nuddee has been put in by me. The Bugjobra was 
measured carefully throughout, from the boundary to its outfall into 
the Bokaro. The Chootooa has been entirely altered. And the 
Bhagalatta, Sut Nuddee, and others of its tributaries which had all 
been omitted, have now for the first time been laid down The 
Chumargurha, the Foosro nuddee, the Mungurdooha nuddee, the Moorpa 
nullah, the Kubode nullah, the Gobinpoor, and the Mando nullahs 
are all new. The Hoharoo has been entirely newly plotted. The Bokaro 
itself I found necessary to replot, otherwise I could never have mapped 
its seams correctly. 

East of Loogoo hill; the labour has been almost the same. 


Economic. 


The cosd in the Borfikars is much the best in the field; but it is 
not to be compared in its general quality with 
that obtained from the same group in the Jherria 
Field. Individual seams are good, especially one referred to occurring 
( 90 ) 
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on the road between Layeo and Oosee. Judgment oaOj however^ scarcely 
be given on rocks which are even more imperfectly exposed than those 
in the Jherria and Raneegunj districts ; and^ to accurately test the 
value of each seam, pieces of coal ought to be procured from a depth 
where extraneous matter has not been able to reach to. Seams occur- 

c 

ring in the Barfikars may always be looked upon as possibly able to 
yield fuel of very good quality ; and when the time arrives for the further 
development of the resources of this held, assays will readily determine 
the power of each coal. Tlie spots where coal occurs have been pointed 

out, and those seams which will probably be good are mentioned. 

A 

The ironstones of the middle Barakars may hereafter be utilised. 

A few ironworks are to be mot with in the dis- 
trict, but they only BU])ply local demand. Tlie 
great centre of the iron manufacture is the Karun 2 )oora district, where in 
an area oi* 500 sc^uare miles, there are more than 200 furnaces. 

SfcHon 2. — The Ironstonk-shale group. — ^This group is typically 
developed in this field ; and its existence cannot be overlooked by the 
most unaccustomed eye. 

Different from what we see in the Jherria Field, the middle group 
is made up of distinct carbonaceous shales with just as distinct iron- 
stones; and os they assume a thickness of at least 1,500 feet, they form 
a well marked geological horizon in the Damuda series. 

# 

There is no unconformity between them and the BaiA^j^s, where 
an unbroken section is exposed of the two grouiis ; but near Toecra and 
Bongahara, there appears to be something of the soit. Faults, however, 
occur in the neighbourhood where this seeming unconformity exists, 
so that the evidence is not thoroughly reliable. 

The Ironstones are exposed near Goomea, hut are most markedly 
developed in the Bokaro and Iloharoo. 

( ) 
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Hie Binigan} group overlaps them in the neighbourhood of Hosir 
and Sarum^ and north of Loogoo hill they are overlapped by the 
Panchdts. 


Suroobera . — ^Near Suroobera they dip to the north-east^ increasing in 
the angle of inclination from the bottom upwardsj 
Norlih of Snroo from 36® to 48®. The Bokaro runs in a north- 

easterly direction^ and exposes the beds, cutting them directly at right 
angles to the strike. 

The lithological nature of the rocks is clearly visible. It is observ- 
able that although the series is nudnly coAposed of carbo-argillaceous 
shales^ with arenaceous ironstonesj there are many beds of sandstones 
occurring at pr^ty regular and short intervals. The sandstones are 
generally slightly calcareous and highly micaceous and felspathicj 
resembling in almost every respect the yellow sandstones of the B4niganj 
group. In fact commencing towards the upper portion of the BardkarSj 
and throughout the middle and upper groups^ these sandstones are 
persistent. 

The shales are usually grey^ and not so impregnated with carbon 
as those of the Raneegunj Field. In the HoharoOj however^ they are 
deeper coloured than those in the Bokaro. ^ 

In the lower portion of the group^ the ironstones are rqilaced 
by very fine whitish siliceous and slightly calcareouB sandstones^ often 
yellow. These differ from the yellow sandstones both of the 
Biniganj Und Bar&kar groups. Those of the former being more calca- 
reous ; whilst those of the Bar&kars are often slightly reddish^ contain 
pieces of mica^ and fragments of stems and leaves^ and present ^ bluish 
appearance on the fractured sur&ce. 

. The section of a series so uniform throughout^ is scarcely requisite. 
The upper portion of the group is exposed near Bossuipoor^ and any one 
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■Bzums to atodj it bn a good opportaniiy afforded him. Tha tiudtnen 
vinUe is 680 made np n follotn 

It In. 

1 At top Bligbtly cariwimoeoiiB dUceoas shalei, ooneretionjiry, beoomiiiip 
mose argillaoeoiu m we descend in the eection, and oomnieiioing to 
contain iroDftonei. ... 4M 0 

, The dip increaiee from an angle of 87* to 60* and then deeieaioi. 

2. River bende, and then ehowi a fhrther thickneia in deuending 

Met ... . . ... ... ... 250 0 

Rip 28*-80*. 

The rocks are then obsourcj and some way down they are cut off by the 
fault referred to in the description of the Bardkar group^ and along 
which springs break out. 

North-east of Bussutpbor Ironstones are obser^ed^ dipping south- 
south-east. The cross-fault which I have put in cuts off the east and 
west one; it is not clear; and how it ends to the south is a point 
which I could not satisfactorily determine. 

The Ironstones everywhere seem to be faultedjL and I was about to 
add^ are more faulted than the Bardkars. This; of course^ is not the case ; 
for the throws affecting the upper beds will affect the lower ( I speak 
of regular throws, that is, faults passing down deep, no matter what 
the amount of shift may be) ; but faults are so much more easily 
recognised where the Bardkars and Ironstones come into contact, than 
where they are confined td one series, as fully to account for the 
apparently greater number of faulted boundaries of the middle group. 

In the Hohaioo the typical section of the Ironstones occurs. They 
are much flexured, and exhibit a variety of dips, in direction and amount^ 

South of Ooomea the Ironstones which occur are not so typical 
of the group. They are deficient in carbonaceous colouring matter, 
SBiJ the Ironstones are more arenaceous than usual, and do not form 
the main body of the group, as in those places where it is more 
characteristically developed. The out-crops of the beds near Khood- 
gudda exhibit a very distinct curvature, and their edges can be wi|||ced 
upon. Neaily south oi Goomea, the strata are cut off by a small fault. 
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Jgeonomic.-^The economic value of the Ironstones is well known* 
In the Bokaro Field the stones are rather siliceous; and the Native 
workmen seem to prefer the iron from the middle Barfikars for smelting. 

In the Kanmpoora Fields the ore worked is almost exclusively 
that of the lower group. 

Section 3. — ^The BakigaNj oeouf. — ^This group occupies the area 
between the Bokaro and the Dhungadugwa rivers. The beds dip on the 
whole to the west^ towards the basin in wbich the Fanch£t series rests. 
There is no difference in lithological character between the rocks of thie 
group as devebped in the present area and those of the Jherria and 
Baneegunj districts^ to the descriptions of which reference need be made 
The only facts of any interest to record in connection with the group here 
are, the unconformity which it exhibits to the lower groups of this series^ 
and the general absence of any serviceable beds of coaL The uncon- 
formity is best seen in the neighbourhood of Hosir and Sarum, where the 
Ironstone shales are so completely overlapped that the Bbiiganjs reel 
directly upon the Bar&kars. 

In the Jherria Field, no unconfoimity was made out between any ol 
the sub-divisions of the Damuda series, but Mr. W. T. Blanford, in bis 
report on the Baneegunj area, speaks of a break between the lower and 
middle groups. 

The observations in this district tend, on the eontrary, to show thal 
there is here a more intimate relation between the Barfikars and the 
Ironstones, than between the latter and the B&niganjs ; and that in fact 
unconformity exists only between the middle and upper groups. 

The Ironstone shales in the Earunpoora Field, thin oat completely j 
and it is questionable whether they ever set in again further to the west, 
the mode of occurrence of the group suggesting that, although spreac 
over^ considerable area, it is comparatively local, and confined to th< 
cod fields of the Damoodah valley. 
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OS 


The tiest sections of the R&niganjs, where the roeks are typicidljr 
developed, ocoiir in the Dhnngadugi^ and Dhurdnrwa nuddees. 

Dhmsfadmgwa ssicfee.— In this river the Bdmgnnjs are brought 
into oontact with the Barikors bj a fault. The most prominent beds 
are alternations of purplish and yellow ribboned caloareous sandstones^ 
^^th white felspathic siliceous sandstones. As we proceed up the nuddee, 
and trace the rocks in ascending order, the calcareous element is seen to 
decrease; and we have sandstones more especially consisting of the 
elements quartz and felspar. In many cases quartz is the chief ingredient. 
The dip is high, never decreasing below 50^ Above where the road 
from Layeo crosses, the section is very imperfect* A seam of worthless 
coal occurs opposite Hurdeeamo, dipping west-north-west 45% Above it 
is a plant bed^ in which Sehizoneura are very numerous. 

The highest strata of the group are carbonaceous shale and thin 
micaeeous sandstone, dipping due west and conforming to the Panch<Si 
series. .... 

Dhwtdufwa aadr/ee.— The relation between the S&niganjs and 
Barfikars is not so distinetly marked here as in the Dhungadugwa, the 
junction not being visible; -the first rocks distinctly exposed are shales, 
calcareous bands, and sandstones uniformly fine grained and compact, 
like those of the upper group. 

Two veiy impure and small seams are seen south of the Eodwa and 

^ , Sarum road : and near the road there are two beds 

CoaL 

of good coal, one about 20 yards south of it 4 feet 
ihid:, and one north of it. 

Two more seams occur above the jnnotion of the tributary of the 
Phnidurw^ but th^ axe of no commercial value, —both on account of 
their infinior quality and the high angle at which they are inclined. 

Towards the upper porticm ct the section there is an akrupt decrease 
in dip; and tiie sandstones change their oobur from ydbw to a deoided 
green. At first sight they give the idea of being Panchdts ; but they are 
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too oompact; and do not contain mica, which is almost an invariable 
constituent of the sandstones of tiie lower Panohdt group. Besting 
immediately upon these questionable beds are green micaceous shales. 
From this point the rocks are undoubtedly Panchdts ; and the sandstones 
become less compact^ more micaceousj and more decidedly green. 

There is one other section in which coal occurs^ that of the river 
between Pindra and Toolbool. The unconformity 
of the Ponchdts and Bdniganjs is more apparent 
here than in either of the two streams mentioned above^ which flow 
into the Damoodah. 


Baniganj beds are exposed west of Bussutpoor in the Chootooa. 


To the nofth they are faulted against Talchirs and crystalline rocks^ 
Some coal is seen about 500 yards south of the boundary. 


In descending order — 


1. Coal. Dip 25° nortb-wcit ... 

2. Fiue (p*aiued vai legated Bandstone ... 

8. Carbonaceous shale .. ... ... 

4. Variegated sandstoue 

6. Coal . . . ... ... 

6. Variegated flue grained sandstone ... 

7. Coal seam ... ... ... 

B. Intermediate beds .. 

Dyke east-north-east; width 9 feet. 


tee 


••• 




Filfi 

.. O 6 
6 0 

. 8 8 
2 8 
0 6 
6 8 
2 10 

. 106 0 


9. Greenish, grey, massive sands! ones, compact, fine grained, and slightly 
calcareous. Some are ferruginous. Intercalated with them are 
concretiouary greyish shales ... ... ... . 180 0 

10. Ironstone-shales group. 


In the Tapin-Pindra nullah two seams oocur^ but I. have only 
thought it worth while indicatii^ one. They arc both nearly worthless 
owing to their had quality. 

None of the coal noticed in any part of the field belonging to the 
Rtnigonj group is of real value; and with the 

Economio. 

exception of the seam in the Dhurdnrwa, southr 
cf the Kodwa and Sonim road, and that in the Pindra and Toolbool 
nullah, the whole may be set down as useless, except fiwr the veiy 
coarsest requirements. 
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There is a covering of yellow oalcareous day usually spread over 
the smCsee of tiieBBZidMoneif» and whidi is used 

Emikiir. 

the Natives whoiever they require lime. In numy 
places this day is eaten out into the most perfect imitation of miniature 
Qiountain ranges and table lands, with steep 8eaips> often 18 to 80 feet 
high. 

IV.--Thb Faitchbt Sbbibs. 

This series has been divided into an upper and a lower group, on 
lithological grounds ; the lower comprising green micaceous shales, red 
clays, and massivdy bedded friable sandstones, usually fine grained ; 
whilst the upper consists essentially of conglomorates and coarse 
sandstones. 

Probably there is unconformity between these two divisions ; but the 
contact of the two, which always occurs on hill sides, is so invariably 
obscured by jungle and fallen masses of rock that hitherto it has been 
impossible to ascertain, with any d^ree of certainty, whether a break 
does or does not exist. It may be found necessaiy hereafter to draw 
a difference of a stronger deg^e between these two groups, and elevate 
each into a series ; retaining the lower as the Fanchdts, and possibly 
referring the upper to the Mahadevas of the Nerbndda 

Section 1.— Lowss Pakchr Gbouf.-— T his gronp^ forming the base 
of Loogoo hilly is made up of green mioaoeons shales at the bottom, 
bueoeeded by massiTe green silty sandstones, and these by red days 
alternating with beds dmilar in character to those at the base. The 
fineness of texture throughout is remarkable, and quite at Tariance with 
that which pievwls in the upper group. 

In every section the rocks of this series are distingniahable with 
but litde diffieolfy from the Bfiniganjs, even when a green eolonri 
perrndes the strata of dtheF group. Thqr are always hic^y mieaosons 
and fifiaUe, and possess a quasi-schietose structure when tqpreeented by 
shales ; and when leimBented by sandstones, tiiey are soft, massively 
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beddedi and always micaoeona. The B&niganj shales are wdl laminated ; 
and the sandstones are usually compact and brittle on account of the 
lime contained in them* 


The stianp-rocks are the red days found towards the middle and 
in the upper part of the group. The best exposure of them is in the 
neighbourhood of Jurwa^ to the north of^ and in the bed of the Dhur- 
durwa river. The following section made by Mr. Ball and myself 
in that stream^ will show the composition of the lower Fanch^tsj and 
exhibit the proportion that the green and red days bear to the other 
rocks of the group. The entire coarse of the river was plotted, from the 
Kodwa and Hurdeea ghat to the point where a beautiful water-fall occurs, 
as the stream issues from the hill, and commences its tranquil flow 
through the plain. 

In ascending order*- ^ 

Bfiiugaiu beds. 


Ft In. 

Gr^ argUlo-ooneretioiuiiy ehnles, with ferraginovB bands ; also grey 
■andstone 


Fine grained greenidi grey arenaceo-felspatliic sandstone likoPuioh^ta 
PiUK^It bediP- 


1. 

а. 
8. 
4 
5. 

б. 

7 . 

8. 
9 . 

10 . 

11 . 

12 . 

18 . 

U. 

16 . 

16 . 

17 . 

18 . 
19 . 
80 . 
81 . 


Green micaceous silts, with a fyw hard bands 

Fri|Ue sandstone, with less mica than usual ... ... 

Green silt, as No. 1 

Sandstone as above, but more micaceous ... ... 

Green silt shales, with harder bands than usual 
Greenish, massive, fine grained sandstone contuning portions of ^t 
(the constituents mica, silica, and fidspor equally represented) ... 
Green silt shales ... ... ... ... 

Greenish sandstones more micaceous than Ihe last 
Green silt ... ... ... 

Sandy l^gysilt ... 

Greensilt 

Thick bedded yeUowish green sandstones ... 

Sandstone, yellow, micBoeoQS ... ... 

Green shales and sandstones ... ... ... ... 

Green shales and yeQow saaditones about equally divided 
Massive sanditone 
Greensilt 
Sandstone 
Green ^t 


Green silt 


67 0 
17 0 
80 0 
46 0 
82 0 

188 0 

41 e 

42 0 
1 8 
0 10 
8 8 

76 0 
46 0 
66 0 
115 0 
88 0 
8 0 
6 0 
0 10 
8 0 
1 0 


Carried ever 
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Brought fbrwitd lot 

S m dstono m ,,, 

Oreen^t o. ... 

Sandatono 

Oraenrilfe ti. ••• ... i.t 

Saodftona ,,, ,,, 

Qreen ailtk with bard band ... ... ... 

Greeniah aandatonea; aome vers felsnatbic, with tbin intercalated 
bands of ailta 

Green and red ^ta. Dip 18^ ... 

Sandatonea ... ... 

Green and red ailta (layera alternating) ... 

Yellow micaoBona aandatone fidacly laminated 

Bed and green ^t beda 

Sandatone 

Red and green ailt beda (containing atringa of lime) ... ... 

Yellowiah green aandatone ••• ••• t*l 

Red and green ailta 

Yellow friable aandatone ... ... ... 

Beda hid in reach oonaiat of— 

Sandatonea (ealcareona) about ... 

Red clay 

Sandatonea (calcareona) 

Red and green ailts 
Sandatone falaely laminated ... 

Red and green ailt 

River here mna along etriko, and aoction ia repeated— 

YoUowg very friable aandatonea containing lenticnlar raa aaea of red 
clay ... ... ... ... ... •*. 

Red clay not diatinctlv aeen ... ... ... 

Intermediate beda (calculated) ... ... ... ^ ... 

Sandatonea ■•a aaa eae eta eva 

Sandatonea (indiatinct) ... ... 

Sandatonea, deqp blue, green and yellow ... ... 

Red clay ... ... ... ... ... 

Ydlow and green aandatonea ... 

Sandatone^ with evidence of included red daya ... 

Sandatone 

Bed clay indiatinct in rlverwcU oeen in small stream on right bank ... 
Indistinct (calcareous) 

Sandatone 

Red clay. Dip 12” ... 

Sandstone ... • 

Rod day 

Sandstones ... 

Green sandstone 
Intermediate beds (about) 

Waterfidl 


Ft. 

In. 

705 

1 

17 

0 

6 

0 

12 

4 

1 

0 

1 

6 

2 

0 

TO 

0 

14 

0 

17 

0 

1 

0 

6 

0 

7 

8 

10 

0 

10 

0 

4 

0 

8 

8 

18 

8 

80 

8 

8 

0 

180 

0 

2 

0 

16 

0 

8 

0 

18 

0 

80 

0 

80 

0 

52 

0 

4 

0 

45 

0 

70 

0 

88 

0 

20 

0 

85 

0 

80 

0 

2 

0 

81 

0 

6 

0 

84 

0 

80 

0 

70 

0 

17W 

4 


Above the imtetM we heve, I tiiiiik, the bonndaiy of the 
Pkndi^tB. 
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This opuion is based upon no stmtign^hioal evidence, but merely 
on ibe distinotness in mineialogical oompontion between the sandstonee 
above the fidl, and those in the plain below. 

The lower Fsnchdte have been proved to be nnoonformable to the 
Damddas. 

To the immediate west of Loogoo hill overlap is so oomplete that 
they rest directly «pon Baidfcars. 

Near Findra and Toolbool the nnconformiiy between the series is 
very distinct; the onderlying rooks having an angle of 25° to S0° 
whilst the upper dip at an angle of 15”. 

I was disappcnnted in all my endeavonrs to discover reptOian fossil 
remains. They would seem to be entirdy confined to the Raneegunj 
area. The description of the fossils which were procured there, and ^e 
disonsnon of the eonditions of deposition of the series, has already 
appeared in the Faleontologia Indies, so that no remarks of mine an 
necessary on these subjects. 

Then is. a marked absence of igneous intrunons into the lower 
Sgrkeinte. Fanchdts of this district as compand with the 
Baneegunj area : only one dyke penetrates the group near the village of 
Koiladeeh. 

BeeHon 2.— UffXK FairoHn Gaour.— This group is quite distinct, as 
I have previously said, fnm the lower Panohdts, bang composed almost 
exdusively of ooi^lometatee, grits, and coarse sandstones, strongly 
impregnated by inm, and possessing nsually a reddish colour. Bed 
argillo ferruginous shales an intercalated ; and in these an finmd the very 
few and invariably indistinot vegetable remains of the aeries. The sand- 
stones are wholly devoid of any fosnls; and as the greater part of the 
group is made up of them, the upper Fanohdts an peculiarly chamcietised 
by the absence of organisma 
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IThe minenJ charaoters of the sandstonM aie diAsaht fiom those of 

Mi>»»i<Wen. ^ “"«* deooribed. The matrix 

is highly ferroginons axd rilioeoiu^ and oootaiin 
pebbles of peifeotly pelacid quartz imbedded in it. Thronghoat the 
vhole of the upper Fandidto, there is a great diqtlay of iron ; and many 
of the BandstoucB are so hardened and compacted by itj that they ring 
loudly and clearly whenever struck. Usually the sandsijip^ are strongly 
jointed. This character is rendered prominent by the sides of the 
joints becoming coated with iron, which hardens them and consequently 
causes them to stand up higher than the main surface of the bed. 
The true relation of this group to the underlying Panchdts cannot be 
definitely settled untU its strata are traced across the country^ and 
brought into connection with their supposed representatives. If, how- 
ever, lithological character could be trusted, there would seem to be a 
probability that the upper Fanchdts of this field, of the Baneegunj, and 
of the Karunpoora, are the equivalents of the rocks described in the 
report of the Nerbudda Valley as Mahodevas,^ The physical contour 
of the hills in the two areas is also similar. 


With the above brief notice of the highest rocks in the field, the 
more purely geological portion of this Memoir closes. It was considered 
premature to enter into a discussion as to the probable ancient geography 
of the country occupied by the coal measures, until a larger area of 
ground had been surveyed^ and a more ample array of facts coUegted, 

V. — ^Economic Sujimaby. 


!Dr. Oldham has already, in the return of the coal resources of 
India, called for by the Secretary of State for India, alluded to the 
probable amount of available fuel which the Bokaro Field can yields 
namely, 1,500 millions of tons. The whole of this coal is furnished by 


a Meaoin of Qeol(^cal Survey, ludio, Vol. 11. 
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BOXABO OOAL-TIBU). 


the • the Binigaiys being, as intimated when wiitiog or that 

gronp, incapable of sapplying any semoeable coaL This decrease in the 
^ne of the Biniganj gronp, as a coal bearing series, was noticed in the 
Jheiria Field; and from thence westwards, it has been determined that 
its importance compaiatiTdy to the Baidkars is exceedingly smalL 

a 

The most prodnotiye .portion of the field lies between the river 
Koonar and th^taetem bonndaiy. It is in that area the largest coal 
seams crop oat, and that the dips are most favorable. Coal has of late 
years been regularly cut near the villages of Chnrhee, Foosro, Tapin- 
Findra, and Bongahara, to supply fuel for burning bricks in Hazaree* 
bagh; and some has even been carted to Oya ; but, as already stated, 
the worst and most stony variety has been invariably chosen by the 
Kative contractors. Among the fields of the Damoodah Valley, which 
have already been examined and reported upon, the Bokaio stands 
third in order of importance. 

BsadlrAmef.— For many of the tombstones in the cemetery at 
Hazoreebagh, and for the flooring of the barracks, sandstone slabs 
are obtained from the Talchir series in the Boodah nullah, near Indra 
Jurbah. More care should be taken in the selection than is usually done, 
to procure stones free from any silt galls or layers of silt. In the 
burial ground, the effect of weathering is noticeable on the tombstones ; 
and many of the inscriptions are almost effaced where the lettms have 
been cut into the clayey parts of the sandstone. 
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Intboduction. 

The coal-field which is described in the present report is situated 
in the Illaqoa Bamg^urhj District of Hazareeba^h^ 
and occupies a portion of the valley of the 
Damoodah river lying between the Meridians 85® 30' and 85® 45' of east 


Fbsition of Coal-field. 


The only lecoided geological notice of ihia fidd is contuned 
in one of tbe late Mr. Williams' papers. In the 
FnnMi. notiM. ^ flying visit when, from 

the fact of its vicinify to the old town of Bamgnih, he gave it the name 
gf tiw QMloginl Saner of Indim Vd. VI. Art. 4 
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KAMGUEH GOAL-FIELD. 


whioh we retain as above. Impressed^ owing to the inferior quality of 
the Goal which he sawj with a belief as to its unimportance in an 
economic point of vicw^ he appears to have given most of his attention 
to the more productive field lying to the north of it. 

A brief enumeration of the principal physical features of the 

country surrounding the coal-field will not inap- 
Ph^Bical features. . 

propriately precede its geological description. 

The tract of country which includes the Bamgurh and Bokaro fields 
contrasts strongly with both that on the north and that on the south. 
Though by no means devoid of elevations^ there is stiU a general flatness 
of feature prevailing throughout. 


On the norths on the one handj there are the Jilunga and other 
ranges of hills^ and the remarkable plateau upon which the Station of 
Hazareebagh is placed; and on the south a well defined scarp which bounds ^ 
the hilly country included in Chota Nagpoor. 


The principal river is the Damoodah or Deonud ; outside the area 
of the eoal-field it is characterized by having sandy 
reaches from one-third to half a mile wide, and 
from one to two and sometimes even three miles long. Within the 


Damoodah not anitablo 
OB a moauB of carriage. 


ooal-field, however, the bedis much narrower and 
frequently bo rocky as eflPectually to settle the 


question of the unsuitability of the river as a means of conveyance for 


either timber or coal. 


The tributaries of the Damoodah within the limits, or in the immodi- 
TributMm <rf Sainao- vicinity of the coal field, are of trifling length ; 

they are, however, veiy numerous, owing to whidi 
oirouinstance, it frequently happens, that a few houia heavy rain is aiffi - 
dent to convert iti otherwiee narrow stream into a tsg ing torrent, which 
can only be forded with a eonsiderahle amount of risk. 

( 110 ) 



GENERAL OBOLOOT. 


3 


North of this portion of the Damoodah under consideration, the 
watershed follows a line nearly coincident with 

Watanhedg. 

the southern boundary of the Bokaio field. On 
the sou^, the .range of hills alluded to above constitutes the watershed 
whidi separates the tributaries of the Damoodah from those of the Cossye 
Rud Subunreekhk 


Jungle. 


The jungle which covers the greater part of this area is low hut 
dense'^ and in some places only passable with great 
difficulty. 


Villogos. 


The villages^ with the exception of those near the high roadsj ore 
very poor, many of them being mere clusters of 
rude hovels surrounded with small patches of cuU 
tivution^ which are only by constant care kept free from the encroach- 
ments of the smTOundiug jungle. 


Tuoplc. 


The pcoidc are chiefly the lower castes of Hindoos with a rather 
large proportion of Southals and a sprinkling of 
Coles. 


I. — General Oeoix)OY. 

Although by far the smallest of the Damoodah volley coal-fields, 

which have as yet been visited by the Geological 
Clturactur of coul-liold. ^ 

Survey of India, and though of no great promise 
in an economic point of view, still the Ramgurh coal-field poBsesses geo- 
logical features which in their bearing upon the general questions of the 
mutual relations of the rocks composing the Damuda scries arc of con- 
siderable interest. 


* NoTB.^ThG natural orden xnuat abundantly icprcwnted in tbcBe jungloft arc JShamnaceat 
SbenaegOf AnonacetBt Euphorliaceet, Loranthoeeas, Ctmbretaeetg, 

SiereuUaeea, Dilleniaeea and Papilwnaeea, Bosidcs those however almust a hundrid 
orders might be enumerated, amongst which the plants found here arc divisible. 
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BAMGUBH OOAL-VniLD. 


The total area of this fidd does not exceed foriy square miles ; its 

Am. greatest length in an east and west direction is 

fourteen^ and its greatest width north and south about eight miles. 

Towards the western boundaiy^ or in the neighbourhood of Bamgurhi 

Western portion dis- mudi disturbed and thrown 

by faults. In the xemaindor of the area howeyer/ 
they have only been to a small extent affected in this way. 

As in all the other Damoodah yalley coal-Mds hitherto described^ 
the southern boundary, or the chief part oC it, has 
Sontli bcmndiiry, a fault. formed by a fault. Its maximum downthrow, 

has been suffident to bring down but a fraction of the full thickness of 
upper Damdda rocks to a level with the metamorphic series ; indeed, 
perhaps, strictly speaking, the existence of these beds at present is more 
directly due to a cross fault, as will be explained in the sequel. 

No trace of the Panch^t series remains, all having been swept away ^ 

, . , , by the denuding forces, from the full action of 

Fancbet icnes absent. ^ 

which they were unprotected. 

Owing to the peculiar way in which the rocks have been cut off by 

... the southern fault, it is extremely difficult, except 

ThidroesB of groups. ^ ^ ^ r 

in the case of the Ironstone-shales, to estimate, 
with any degree of certainty, the thickness of the several groups. 

The following is as near an approximation as can be made 

1. Talcbir serios ... 660—000 feet. 

2. DamCda „ 

BarAkar group 8,000 P „ 

Ironstone-dioles „ 1,200 „ 

B4nigaiy „ P 

SI 11.— 'TaLOHIB sebibb. 

The rocks which compose this series are all well represented in the 

. . . Bamfimrh field; although ocenpyins an area which 

Bocks wdl dmdoped. o 

is small as compared with those of other fields, 
still good sections are abundant in which every variely of bed, from the 
silt-shales to the boulder-conglomerate, is found, 
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The lithological characters of these rocks having been folly detailed 

in previoos memoirs, it is unnecessary to rq^t 
Lithologicil charMben. , 

them here. 


A lefforenpe to tiie map will clearly show to what an extent the 
Borikar, unoonform- Talohir rocks have been overlapped by the lower 
Damddas or Bar&kars. Throughout nearly half 
the extent of the natural boundaries, Barihar rooks are found resting 
immediately upon the gneiss. This, to a certain extent, a proof of \in- 
conformability is not alwayva reliable one. That theTalohirs were 
denuded before the deposition of the Barfikars is, however, satisfactorily 
proved by the occurrence, near the village of Oopo, of a sandstone belong- 
ing to the latter group which contains rolled fragments of green silt- 
shales, unmistakably derived from Talchir beds. 

The largest and best exposure of Talchirs occurs in the northern 
Best expoBure of Tal- extremity of the field in the neighbourhood of 
Poonoo. The principal rock there is the boulder- 
conglomerate : such of its outcrop as were seen seemed to indicate 
a nearly horizontal bedding ; the exposed portions are constantly un- 
dergoing a process of disintegration, and the surface of the ground is 
thickly strewn with the liberated gneiss and quartzite boulders, so 
much so indeed as to interfere materially with the cultivation of what 
would otherwise be very fruitful soil. 

In a stream north of Poonoo a section discloses a thick bed of sand- 

_ ^ stone resting on the conglomerate ; it is fine, even, 

Builaing Bume. 

and close in texture, and would prove to Jg, 1 
have no doubt, a very useful building stone. ~ 


The road from Poonoo to Foloo passes through several streams in 
^ which good sections of the lowest beds are seen. 

Although the bouudaiy here is distinctly natural, 
still within a few feet of it the shales arc inclined at an angle of 80^. 
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bahouhh ooal-field. 


Hie following is a sootion measurod in the first stream wbieh crosses 
the road : 


Onobs. 

1. Boulder conglomerate • f • 

2 , Thin Qrey orgilla^UB Bboloe ... 

8. Silty bod, much diitorted, ^ 

eoutuine scattered pebbles. > 

4. Bluidi grey fla^ bedi^ ezhi- " 

biting coiicretlonaTy structoro; 
and purple and fpey shales, 
the former much jointf^ 

6. Thin grey shales 

6. Flaggy grey shales ^ 

7. Same as No. 4 


Ft In. 

0 0 

4 0 

8 0 


52 0 


09 0 


Remainder of section ubscuro. 


In order to show that the characters of these rocks vary within 
shoribdistaDceSj I shall quote one otlier section taken in the neighbouring* 
Paloogudha river : 


Gneiss. 

1. Boulder conglomerate, a portion only scon 

2. Bluish argillaceous fla^, dip 10^ E, covered up 

8. Greenish thin bedded sandstones 

4. Thick silty beds containing a few boulders of gneiss 

6. Fine groined greenisb and yellow sandstones 
0. Thicker bods ditto 

7. Conglomerate, a purple silt matrix with small frag- 

ments of gneiss ... ... 

8. Blnish-grey shales ... 

9. Grey shales 


Ft. In. 


6 0 

6 10 

0 0 

5 0 

2 8 

0 2 

52 0 


In some of the other sections met with in this neighbourhoodi 

Bonldor-conglomorato boulder conglomerate did not occur at the 

not alway. at buo. silt-shales having been found resting on the 

un^n surface of the gneiss. 

At various points along the northern boundary of the fields small 

Other exposures of Talchir rocks occur ; the details respect- 

Taichirs. them are not of sufficient interest for further 

notice here ; their position and relative importance will be best appre- 
ciated by a reference to the map. 
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The southern boundary of the field hsTing been formed by a faulty 

the oouTse of which lies through higher rooks, we do not find Talchir 

outcrops BO abundant as on the northern ; of those which do exist, the one of 

most interest is found near the Foonoo and Burobing road where it orossos 

the Domoodah. It is traversed by the fault which occupies the channel 

of the river, and has here exercised its minimum throw. 

« 

In the Bhera nuddec, west of the vilfl^ of Peprajura, there is a 
thickness of upwards of seventy feet of shalgi with a boulder-bed at the 
base. 

On the eastern boundary of the field a north and south fault has 

Fateh of Talclura bo- separated a patch of Tolchirs from'che main mass, 
pawtod by fault. patch would doubtless have Iwsen denuded 

away, but that a small cross fault has let it down on the north. •*Thc 
point of junction of these two faults is marked by an increased develop- 
ment of fault rock which forms a small hill. 

In the Bhera and Damoodah rivers small outlying patches of sill 
filling up cracks and hollows were observed. 


Sometimes the shales which rest immediately upon the gneiss have 
undergone alteration, silica having replaced some 
of the argillaceous constituents of the rock. 


Alteration of shaleB. 


In one of the sections given above, the occurrenoe of oonoretionaiy 
structures was indicated. These nodules are gen- 

Coneretionary siructureB. i, • ^ i • 

erally in the form of compressed spheres formed 
of a series of successive layers. I was unable to discover any nu^us 
in any of those which I examined ; nor did they exhibit any trace of limn 
on the application of acid. 

The boulder oonglomoiate which occurs at the base of the s e rocks 
has given to the series an interest in the sight of 

Bouldor oongloxuBiatOi 

all observers which it could never otherwise have 
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EAMOnRH OOikt-FIELD. 


poBaeBsed. The manner of its ooounenoe in this field tends fiirther to 
endorse the truth of the theory now pretty well established of its being 
a shore deport. 

The characters which it exhibits and which separate it from all the 
other rocks of the series, indicate the presence, at 

Orlcrfn ^ 

the time of its formation^ of certain conditions 
which were not continued dliroaghoat the period, fftiese conditions were 
the existence of boulders ai^ weathered masses of gneiss^ the accumula- 
tion of ages^ which formed a talus resting on the flanks of the metamor- 
phic hills. Upon this talus, as the waters advanced over the sinking sur- 
face, silt was gradually deposited; and when it was covered up, the 
formation of silt-shales and sandstones proceeded without interruption ; 
the hills still forming islands, or in the case of ranges, the boundaries of 
estuaries.* 

III.— Damijda Series. 

If* 

Section I. The BarIkar group.— Besting unconformably upon 
the Talchirs, as we have shown, arc found the rocks which con- 
stitute the Bar&kar group. The lowest beds 

Lowest beds. — ^thosc either immediately above the Talchirs 

or else over-lapping on to the gneiss, are most frequently pebbly con- 
glomerates, in some few places however we find whititii, often false- 
bedded, argillaceous sandstones at the base. Again there are rocks 
occurring at certain junctions, whose lithological characters are inter- 
mediate between those of TalcUrs and Bar&kars ; these are of unimport- 
ant extent and thickness, and never involve a question of more than a 
few feet. 


* In purtB of the adjoining dietriet of Maqnbboom. oonnderable dopoiiti of alia- 
Tittm ocenpy many of the vallcyi. I have ocoaaioiiaJly found in thU alluvium badly deve* 
loped bonlder-beda ; but where we would naturally look for the beat developed ezamplea^ 
Ota., at the foot of the hSlla, we are hindered bj the want of aectiona auffidently deep. 
The general appearance of thia depoait ia auch aa to ibroe on any obaerver'a imnd the 
conviction that t^ conditiona whiem exiated during the Talchir period have been repeated 
in comparatively recent f&mea. At the preaent day there ia a talua at the foot of many of 
the hiU^ which, if the country were again auhmer^, would fumiih the principal matenida 
of a very oonnderable boulder-bed. 
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Cromme&ciag to examine the BaHQotr locka open the eaetem boon* 
daiy, we find that tiironghont the greater part 

Oreflip* 

of it they haye over-lapped the TalofairB. This ia 
very distinctly .ezemplified in a section seen in the Damoodah aboat one 
and a half miles north-west of the village of He8hapoora> where a con- 
glomerate^ consisting of small white quartz pebbles bound together in a 
. matrix of white felspar rests upon the gneiss. » 


The following is the section. 


1 Conglomerate, Dip 40° N. W. ... 

2 Sandstones with bonds of pebbles 

8 Carhonaceons shale, pMsibly some coal 

4 Siliceous sandstone with pebbles ... 

5 Interval, no rocks seen ••I ... 

6 Sharp sandstones 

t Carbonaoeons shale, parts coaly ... 

B Grits and sandstones .. 

9 Thin-bedded sandstones and carhonaceons shale 

10 Sandstone 

11 Carbonaceons shales, slightly coaly 

12 Grits: nearly horizontal ... ... 

13 Conglomerate 

14 Grito with conglomerate bands ... ... 

15 Carbonaceous shale ... ... ... 

16 Sandstones ... ... ... 


Ft. In 
25 0 
114 0 
7 0 
4 6 

0 a 

01 0 
6 8 
18 2 
14 
18 
40 

P ' 

P 

4 0 
P 


After this the river follows the direction of the curved outcrop of 

CodMunirifliomed * dipping first to west passes 

oBtatap- round by north until the last dip seen is nearly 

due east. The total thickness of this seam^ including some bluish carbo- 
naceous shales seen in the bank above, is probably not less than thirty feet, 
with a general dip of 10^ The burnable coal contained is in bands of 
from two to ten inches thick ; the remainder of the seam consists of haid, 
slightly coaly shale containing runs of ironstone. Below this are two 
seams having a dip of 12^* to the East; the higher one contains some 
good coal. Here as elsewhere in this virgin field where the coal is 
sodden by water or half covered with sand and has never been cut into 
it would be impossible to speak with any dsgree of oertainly as to the 
value of individual seams. 
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tAxenrsH con-raw. 


Beyond these seeme the liver bends nbont^ foUowing the idunges 
in strike of the grite sad eendstonesj end no more coal seams are 
exposed until the month of the Gunkea river is readied j at this point 
the sandstones, together with several coal seams, are bmt into a 
Bjndinal basin. Subsequent crushing and finltiDg 
®^®®**"** ****"■ have BO distarbed this arrangement that it ia 
difficult to trace out the separate seams along the edges. Ihe follow* 
ing are the principal which can be detected : at the top of the north and 
south teadi of the river is one consistbg of 2 feet of coal, dip E. N. E. 
10” ; below this are two seams which are much broken up and are only 
seen under isolated masses of sandstone which form islands in the bed 
of the river. On the other side of the barin two distinct seams occur, 
one dips at first to N.N.W. from which it bends round to W.; it 
flOTitsiiia 4 inches of ooaL Above it is a thidc seam of coal and shale 
with dip to W. ; this seam is probably the one seen again in the Gunkea’” 
river where the section exposes 5 feet of good coal. 

Several other badly exposed seams are seen fiirther up the 
Damoodah, as indicated upon the map ; about half a mile bqrond the 

Luge chuMtulitio ^ seams which ate 

seem. SO characteristic of the Bar£kar group. It is 

probable that this was the principal seam visited by Mr. Williams, and 
from seeing which he formed an un&vorable opinion of the quality of 
the coal generally in this field. Ihe details of this seam are here given 
infnll,as1hey furnish an example of the manner in which a large quantity 
of coal occurs in a class of ssMss peculiar to the Bai&kar group, 

immMtgt S^VtoS.I^ IT. 

Ft la. 

1. Saadsteae sti ••• ^ ^ 

2. Buidr tlulM «*• ^ 

4. ShiOe dighti^ coi M Wi Haii a T y ... 1 0 

5. Coal ® J 

6. Stony rinJo s«s# 0 o 


CBiTifd forward 
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Brought forward 


8 8 


7. Coal 

8> Coaly dude 

8. Cbal 

10. Stony dude 

11. Coal . .M 

12. Stony ahale 

13. Shald with atrealu of ootd 

14. Coal 

16. Stony fhale 

16. Coat 

17. Brown earthy Coal... 

18. Coaly ihale 

19. Coal 

20. Shale 

21. Coai (inferior) 

22. Shale 

23. Coal 

24. Stony ahale 
26. Coal 

26. Stony ahale 

27. Coal} ahale 

28. Stony ahale 


0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

0 

0 


4 

6 

2 

0 

6 

4 

10 

2 

10 

2 

6 

2 

1 

0 

8 

9 

4 

6 J 

4 

8 

6 


Thia portion might perhapa ha 
worked praStably. The total 
thiokneaa b aii feet two in- 
chea, of whidk five fint one inch 
art CooL 


20 8 


The remainder is mud covered up, but appears to be of the 
same changeable character. The fiction was measured on the down* 
throw side of a small slip which traverses the 
seam. Close to this is the only trap dyke which 
.occurs in the field ; it is of very similar character to those found in the 
Biniganj field. 


Trap Dyke. 


Some veiy fine plant stems occur in the neighbouring 

sandstones ; one measured five fieet in length and 
was four inches broad. Before proceeding to speak 
of the geology further to the west it will be well to allude to the sections 
in the rivers which meet the Damoodah within that portion which we 
have just described. 


In the Hurdgudha riveri east of the village of Oopo, two cmdied 
seams are seen ; the coal is of inferior quality. A 
Hurd^dha Secti^ further down at the mouth of a small triba« 

iary there is a coal-seam about 12 feet thick; dip 8^ S. W. 
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1. Coaly ahale 

2 . Vwl ... ». 

8. Coaly ahale 

4. CarbonaoeouB ahale . 
6. Coaly ahale . 


Before the Hurd^dha meets the Damoodah two other seams^ neither 
of any value, are exposed. 

We shall now proceed to examine the section alTorded in the Bheia 
nuddee^ This river meets the Damoodah about 
a mile from the village of Heshapoora. The junc- 
tion of the two rivers forms a leading feature in a scene of singular 
beauty. The Damoodah has cut for itself a deep channel through the 
metamorphie rocks so as to exhibit an admirable section of the quartzites 
and micaceous and homblendic schists which occur there : the softer 
varieties having been hollowed out still deeper retain the waterq;^ 
m a succession of pools which are connected by the stream. The 
banks are clothed with a luxuriant and dense jungle, and a picturesque 
Hindoo temple situated in the angle between the two rivers adds to 
the general effect, and testifies to its founders appreciation of the beau- 
ties of nature. 

Above the Talchir beds which occur^ as we have already stated 
in the Bhera nuddee are thin-bedded sandstones and carbonaceous 
shales, followed by grits and sandstones containing runs of pebbles, 
after which we obtain the following section : — 






Ft In. 

1. 

Ont ••• «tt ti. 



... 18 0 

2. 

Bandstoneq, dip W. 8. W. 12° ... 

... 

•• 

... 6 7 

8. 

Thick -bedded niidstoneB with bandB of pebbles 


... 40 0 

4. 

Coal aeam 





0 Carbonaoeons shale 

1 0 




ft CooB 

0 4 




0 Carbonaceoiis ahale 

1 6 




d Coaly diale and inferior coal 

2 0 


4 10 

8. 

Bandstonea with large pebbles 

.ft 

••• 

18 0 
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6 . 

7. 

a 

9. 

la. 

11 . 

la 

18. 

14. 

16. 

16. 

17. 

18. 

19. 

20 . 
21 
22 . 
28. 
24. 
26. 


Kim of iranitOD^, not oontinnou ... 


Brought Amraid 


Conoretioiiaiy mj AOm, nrhonaceoai in plneef ... 

Cirbonioeoiif 

Sandftone— grilj 

CarbonaoeoiiB ihlJe with itreaki of coal, dip 26*^ 
OonoretionaiT gr^ shale ... 

Bandstone with bands of grit ... 

Carbonaoeons shale and sandstones with oarbonaceons streaks 
Grit 

Hard compact oarbonaceons shale ... 

Grit 

GrevHundy shales^ carbonaoeons towards the top, dip 86” 
Sandstones with mna of pebbles ... 

Gr^ sandy shales and bluish sandstones* 

Blue argillaceoas shales ... ... 

Coal seam— Coo/ with coaly shale • ... 

Blue argillacoouB shales 

Sandstone, fiilsely laminated and micaoeons ... 

Coal seam, dip 20” 

Carbonaceous shale 2 11 

Coaly shale 6 6 

Inferior Coal 2 8 

Bemaindor of seam covered up 13 7 


•Ft In 
82 6 

0 8 
6 0 
6 6 
9 0 
4 6 
8 6 
1 4 
15 0 

1 a 

8 0 

2 6 
18 0 
17 2 
15 0 
8 0 
1 1 
0 11 
1 10 
2 10 


25 8 


Total 


... 210 K 


In this section the last seam alone contuns coal which could be 
extracted profitably ; the greater portion of it being covered by water, 
it is impossible to say what the total thickness of burnable coal may be. 
The dip 20° however is rather high for the present methods of work- 
ing practised in Bengal. Some distanoe up the river we meet another 
seam of carbonaoeons dude fonr feet thick ; it is coaly towards the 
top. At the further end of the same teach in which this seam oconra 
■re two seama, separated by a band of sandstone one foot thick. The 
lower one consists of two feet two inches of coaly shale ; the upper one 
is obscoied by falkn masses of sandstone, so that its thickness could 
not be determined. 


We now return to the examination of the Damoodah and its tri- 
butaries west of the Poonoo Bioad ghat. 
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In the stieem which runa close to the village of Simrabera is a seam, 
the dip of which is 25‘ to W. 10* 8., the imperfect 
®**"***^ ***“■ section as far as it is exposed is as fidlows 


a. Curbonaeeoai shale k* ••• 

b. Inferior 0oa2 ... ... ... 0 6 

e. Coaly shale ... 0 10 

dn Cotd ..I t.t 0 6 

e. Shale ..t ••• .#• ... ... 0 6 

/. Cool ... ... ... ... 8 0 

g. Shale coaly in parts ... ... ... ... 4 S 

A. Coal oovoM up ? 

In the Khunder nuddee^and a smaQ stream branching from it, the 
following seams are exposed, the first, however, only 
Xhonder nsddM mmm. partially; its total thickness is not less than 

llfly-five feet, the coal appeared to be inferiw. Higher np the streau 
are two seams measnring four feet and twenty-five feet with a dip of 30^ 
to south-soutli east. Neither of these can be satisfaciorily identified 
with any of the seams in the stream which cuts a section only a feww 
hundred feet to the east. These last mentioned seams do not appear to 
contain much good coal, th^ are made up alniost entirely of stony 
carbonaoeous diale. 


Ttqp. A few fragments tS rolled trap were observed 

lying in the bed of the stream, but none in tiiu. 

In the Damoodah, between the mouths of the Khunder and 
Lnganna nuddees, some beds of very Binigaiy- 
lUngHu »«lw. character are seen in aeotion. Geol(^cally, 

however, it is difficult to cmrceive how they could possibly belong 
to the upper group, so that, in ^ite of their litbologioal character, we 
have been obliged to regard them as Bardkars. The ooounenoe of 
umilarly mionmstanoed rocks in the Bokaro field furnishes further 
proof of the untmstwotthy nature of lithological evidence alone, when 
applied to the datinction of the sevoal groups fonung tbs Damtu!* 
series. 
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At tlie* point where the fimlt itrikee the rirer^ there ie • much 
enuhed eeam of coal, tiiidkness about one foot. 

The next seams of any importance, disclosed by the Darnoo- 
dah, are -those oceurting near the mouth of the Murumgudha nuddee. 
The bottom of the lowest of these is not seen, the details of the 
portion seen are>- 


(IHp26<>toS.8.W.) 

CarbonaceouB ihBle ... ... 

Cbttl 

Carbonaoeoiu shale with bands of Coal 
CtM^good ... 

Remainder not seen. 


Ft. In, 

5 a 

4 

6 6 

5 


This seam is on the north bank of the river. It is the only 
one in the field which has been cut into by the Natives^ and that to a 
very small extent. 

On the south bank of the river we find higher in the series the 
following seams, one containing four feet eight 

Other seams. 

inches of tolerable coal ; above it another in which 
there is at least one foot of inferior coal; these have the same dip as the 
one above mentioned. At iifae next bend of the river there is another 
seam, but its existence is only indicated by a blackening of the sur&ce. 

West of the mouth of the Mummgndha nuddee we come almost 
immediately upon the Iron-stone shales and above 
them the upper group of the Damdda series. 
Owing, however, to a cross-fault which has out out these higher rocks, 
we find Bar&kara again occnpying the bed of the Damoodah, 

Various coal seams occur witiliin this small area, some containing 
superior coal ; but, owing to the crushing and con- 
tortions they have been subjected to, it is extremely 
improbable that any of them are in a workable condition. The largest 
'ef them is on the north boundary, and is cat obliqndiy hy the fwilt ; it 
contains some good coal, which, however, is in nearly vertical beds^ 
strike l<r N.of E. 
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bamoubh coal-field. 


In immediate conjunction with the southern faulty and about half 
way between the teniple at the Hazareebagh 
Seam near fault. ^ possibly 

three seams^ but they are much crashed, and therefore, though contain- 
ing &ir coal, are of quite insignificant value. 

Two seams occur near the mouth of the Nyeesurraie nuddee, the 
larger one is about 19 feet thick ; it may be identical with the one men- 
tioned as occurring on the north boundary. In the bed of the last- 
mentioned stream, there are two seams containing a small quantity of 
coal, but they also are much contorted. 

Several small outliers of Bar&kars occur close to the boundary of 
this field ; they are, however, of small size ; their 
position is indicated upon the map. 

The alteration of some of the lower Talchir rocks has been a^ 
luded to. It not unfrequently happens that 
Alteration of BarAkMB. Bardkars have overlapped, they too 

have been affected by the infiltration of silica. 

Section JL Ibon-stone shale oboitf.— Differing from the group 
of Iron-stone and carbonaceous shales developed in the Bdnigauj field, 
its representative here has very little of the carbonaceous element. It 
consists exclusively of argillaceous shales and sandstones, witli a few 
poor runs of argillaceous carbonate of iron. 

The area occupied by these rocks does not exceed half a square mile. 

The only section of them occurs in the Damoo- 

Area. 

dah. At the base the dip is 70^ to S. 10^ W., this 

TTnoonformity. , . . .... 

IB qmte unconformable to that of the nearest seen 
Bardkars to S. S. W.) ; however, as the absolute junction is covered 
up, and the vicinity of the fiiults may account for this apparent uncon- 
formity, it cannot be regarded as a safe indication of the relations of 
these groups. The alteration and fall in dip which accompanies the 
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ir 


junction betv^een these rocks and those formine^ the B4iiiganj g^oup 
is perhaps more dearly indicative of nnoonformityi still the faults may 
have been the cause of this also. 

A small outlier of Ironstone-shales occurs on the banks of the 
Damoodah about three miles south of Poonoo. 

OatUer. 

On the occasion of my visit, a colony of Aguriahs 
was temporarily established close by for the purpose of making iron. 
Although cod, Bulficiently good for the purpose was on the spot, and 
could be obtained with much less labour than is required in the pre- 
paration of charcoal, still they exclusively made use of the latter 
description of fuel. 

Small pits are sunk into the shales north of Goburdaha, whence 
ore is taken out by the Agoriahs of the village of Ruiha. 

Seetum IIL B^niganj group.— Brief as have been our remarks 
tipon the Ironstone-shales, there is still less to be said about the rocks 
composing the Bfiniganj group. 

The beds are so disturbed by faults that it is impossible to offer even 
an approximate estimate of their thickness. It is 

ThidmeBS oncertam. 

probably much less than half the full thickness 
seen in the Bokaro field. 

Sudi rocks as are seen exhibit the usual lithological characters 
of the upper Damiida group. 

No coal seams are exposed. 

IV.— SUPEBPICIAL AND BECENT DEPOSITS. 

Extensive spreads of recent deposits such os arc found in the 
district of Maunbhoom are rare in this part of Hazareebagh. Small 
patches of the following varieties have however been met with. 

1 Cliy AJlaTiom. 

a Sand. 

8 Congloiiimte. 

4 Laterite 

6 Kunknr. 
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Within the coal-field we do moi anywhere find the rooks oovered 
up by alluTinm ; but in several places the gneiss 
outside is entirely obscured by it. More especially 
is this the case on the south bank of the Damoodah south-east of 
the village of Sarum; and also south and south-west of the town of 
Bamgurh. 


Sand chiefly occurs in the long reaches of the river Damoodali 
outside the coal-field: occasionally it is found to 
extend some distance inland from the banks; when 
it forms dighdy undulating ground clothed with several species of earew 
and grasses. 


ConglmerateB are found in several places in the bed of the Damoo- 
dah^ one being on the south bank, north-east of the 
CcngiomerateB. Eamgurh, and another on the north bank, 

north-west of Lodhman. They consist of quartz and gneiss pebbles/* 
bound up in a matrix which contains both iron and carbonate of lime. 


Laterite occurs veiy sparingly indeed ; two small patches outside 
the boundaries having alone been detected, one 

lifitente. ^ ^ 

in the DanK)odah, north-west of Burobing, and 
the other close to Kutha. 

Kunhur is very scarce outside, and does not occur inside, %ie field; 

close to the southern boundary of the Bokaro 

Kunkur. 

Md, it is more abundant tium dsewben. 


A sacdbiarine limestone enoroBting the loeks is seen in the bed of 
the Damoodah north of Kana, it is highly crystalline and exceedingly 
pore. Seen at a diort distance it is snggestiTe of the appeaianoe pre> 
sented by drift snow. 

In several streams thin emste of earhonate of lime m found spread- 
ing over the gneiss and schistose rocks* 

C126) 



TATItTS. 


V. — FaultAno dykrs. 


All tite faults which have been discovered in the Baugurh coal- 
fidd, with but one exception, seem to belong to 

Three Byitenuk • . ■ 

one or other of three qrstems which oorrespoiid 

to those observed in the Bdniganj field. 


/. E(Mt and Weatfaulte^ 

The prindpal iadt belonging to this system in the Bamgnrh field 
is that which forms the southern boundaiy. Tracing along this bound- 
ary from cast to west^ we find no sign of a fault until we reach the 
Damoodah close to the Poonoo road ; the rocks seen thers^on either side 
of the river indicate that a certain amount of shifting has taken 
place^ the line of foult being identical with the central channel of the 
river. At this point the fadt seems to have exercised its minimum 
action; as we go further westj with each step we find higher and higher 
beds thrown down. Antecedent to this fault occurred the one which 
strikes N. by W. : the effect of this was to throw down the upper Da- 
mudis and Ironstones on the east, and thus to bring them within the 
influence of the former. But for this we should probably havp no trace 
of these beds xltoiaining. To this system may also be referred the fault 
which lies a short distance to the north of Bamgurh. * It is a somewhat 
interesti^ feature of this one that where it ceases to form a boundaiy 
and runs into the scdimentaiy rocks it has been considerably deflected 
from its original direction. It is marked veiy distinctly by a strong 
ridge of fadt-rock which in some places is from 60 to 60 feet wide. 


II. Nortk and South, or Blightly East of North and WeH €f South fauUi. 

An example of this system is the &ult forming a portion of the 
Eastern boundaiy and cutting off patches of both Bar&kan and Tal- 
ohirs. Bdatively to the others, there are no data for determining the 
age of this system. 
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III. NoriA-Jiorti-W«tt M Souik-Souti-Sait/aulta. 

The pair of faults which have thrown the Bar&kan south of Suogea 
are examples of this qrstem. Its period was subsequent to that of 
No.L 

Fault Bock.— Without any exception the fiuilts of this area 
whether in the sedimentary or metamorphic rooks arc, at least in 
portions of their extent, accompanied by &ult-rod£. 

This rook is divisible into three principal varieties; 

1. Pfleudomorphic quartz. 

2. Brecdated quartz. 

3. HoTDBtone. 

Pseudomorphic quartz. The most abundant form of this variety of 
fault-rock consists of a series of porcelanic-looking plates; these are 
strongly suggestive of the well known crystals exhibited by Barytee^ 
Some of the specimens contained traces of micaceous iron ore between 
the plates. As these two minerals not uncommonly occur in nature 
together, it seems all the more probable that Baiytes was the original 
minend which has been replaced by silica. The &ees of these plates fre- 
quently exhibit peculiar striations which cut one anoth^ diagonally and 
so form series of triangles. The other form resembles dosely the ordinary 
fibrous variety of Oypsum and sometimes that of Gelestine; there can be 
little question that these were the minerals which have been replaced by 
silica. 

The pseudomorphic variety is best seen in the runs of fault- 
rock which are marked on the maps in the vicinity of Oorlah and 
Koojoo. It is also seen in the fault which runs into the field north of 
the Damoodah at Bamgurh, and in the fault at the other ride of the 
firid in the neighbourhood of Ticahara. The hills at Kurina have axes 
formed of the same rook. In the northern one it forms a sharp ridge 
which along the immediate line of summit is often only a few feet wide. 
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* BreceiaCed quartz. This fonsKs not abundant It consists simply 
of angular fragments of quartz in a silioeousj sometimes slightly felqiathic 
matrk. 

Homatohe. In the commonest form this is simply a compact 
dlioeous rock not exhibiting any trace of subddiaiy structure, as* for 
example, in the fault-rock close to the temple at Ramgurh ghat Some- 
times by the addition of felspar, this rock becomes a pegmatite, and 
in one locality near Ticohora it gradually changes into a granite. 


Within the area of the coal-field only one trap dyke is exposed. 

It crosses the Damoodah north-east of Burobing ; 
it is a good deal decomposed and has an eartliy 
appearance similar to that of many of those seen in the Rfiniganj field. 


In the neighbourhood of the field there are several greenstone dykes, 
_ as indicated upon the map : they are of no great 

importance as the longest of them can only be 
traced for a few hundred feet. 

One remarkably compact basalt dyke occurs in the Ilurdgudha 
nuddee east of Oopo ; it is only traceable for a 
^ few yards. 

Near the village of Oopo there is a small hill formed of trachyte. 
Tnuihyte ^ Composed almost entirely of felspar, and 

is in parts very vesicular. 


VI. — ^Economic Sum mat. 

It will already have been gathered from what has gone before 
that this field is of but small value in an economic point of view. , 


Coal in the eaat. 


The coal in the eastern part of the field occurs generally in thick 
seams, some of them having low dips; but the 
quality is so variable, thin bonds of coal frequently 
oiiemating with stony carbonaoeous shale, that it is improbable that the 
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Inmoro. 


fofmer, even under the most favorable conditions of market and carriage; 
could ever be extracted with profit. 

In the western extension of the field where the coal is not only of a 

workable thickness; but also of much better quali« 
Coal in west. . . 

ty; the high dip and the catting off and crushing 

up of the seams by faults cause them to be even less ^kely to produce 

a profitable out-turn of coal* 

It does not seem probable therefore that the Bamgurh coal field will 
ever be worked to any great extent. 

The usual carbonaceous ore of iron is found in the ironstone shales ; 

it is; however, of an inferior quality, and its abund- 

Iron OTPt ft «« 

ance is below the average found in other fields. 

VII. — Crystallikb Rocks. 

In the course of the examination of the Bamgurh Coal-field, occasion ^ 
was taken to visit and note upon the characters of the surrounding 
crystalline rocks. The general results of this cursory survey will be 
briefly indicated here. 

Within the area which has been thus visited (the limits of which 

IgneouB rocks. understood by a reference to the 

accompanying map), no true igneous rocks, with 
the exception of the traps already mentioned, have been observed. 

Granites and granitic syenites, which in hand specimens ore litho- 
Granito logically undistinguishable from ordinary intrusive 

ignepus rocks, occur abundantly. Examination in 
the field has, however; tended to show that in every instance these are 
referable to one or other of the following sub-divisions 

The first and most abundant variety is simply an unfohated 
gneiss; it occurs regularly interbedded with the 
foliated gneiss and schists, but is lithologically 
undistingaishable from a true granite ; we shall allude to it again when 
speaking of the metamorphic series generally. 
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S. Interbeddad with the gneim, we ocearionidly find another gra* 
nitio rook whioh is dietingniBhed from the oidinaiy metamoiphio gianite 
by being acoompanied by a certain amount of local alteration and con- 
tortiom. Its etrike is generallyj if not alwaysj coincident with that of 
the adjoining metamoiphic rocks; this feature separates it from true 
igneous granitOj which^ although not met with in the area at present 
under consideration^ is found in several parts of the a^oining district 
of Maunbhoom, where it cuts across^ and is quite independent of the 
strike of the surrounding rocks. 

The peculiar characters of this rock ore probably due tq the fact 
that in age it was contemporaneous with the metamoiVhism^ and that 
it was either the metamorphosing agent itself or was directly connected 
with it^ and was thrust up and injected between the pre-existing bedsj 
which were then undergoing the process of alteration. 

The texture of this granite exhibits every degree of coarseness^ and 
is in no respect lithologically distinct from the other varieties; in addi- 
tion to the ordinary minerals^ quartz^ orthoclase (two varieties)^ and mica 
(two varieties), it also contains hornblende and epidote, and less fre- 
quently tourmaline and garnets. 

To this sub-division the protogine granite which is found in several 
parts of the area seems to belong; it consists of quartz^ pink orthoelasoj 
and a green mineral allied to serpentine. 

c. The third variety traverse the gneiss and associated rocks 
in directions which correqK)nd to those of the principal joints or their 
oozgogates. It also occurs in places where there appears to have been 
local crushing-up or contortion. 

As to what the origin of this variety may be^ two alternatives 
piesent themselves. On the one hand, it may be what is commonly 
described as vein granite, and, on the other, its origin may resemble that 
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of metallie lodes. With regard to a large proportion of It^ the. latter 
seems, for the following reasons, to be the more oorrect view 

does not seem to have affected the neighbouring rooks as 
we should expect it to have done had it been intruded in a ‘molten 
condition. 


Beeondfy.— In some of the lodei, the formation of the granite seems 
to have been from some cause arrested, and we find that the deposition' 
having commenced on the walls of the joints, proceeded thence to the 
centre, but that the source of the granite minerals was cut off before 
the opposing faces succeeded in meeting. 

The regular metamorphic series is r^resented in this area by 

several varieties of gneiss, be. ; the succession in ascending order being 

approximately as follows 

Porphyrytic gnelw. 

Cknnitic » 

Byenitio „ 

Fclspathio 1 

QoartsiteB. I Alternating; with 

Mica-adhiatB. | one anotto. 

Aerolite and homblendic sohiate. J 
Saadatone like gneiaa. 

HomUendio aohuta. 


The dip of these rocks varies very much, being sometimes as low os 
20®, but more frequently it is dose upon the ver- 
tical ; the prevailing direction is due north in the 
southern portion of the area, but In the vicinity of the Bokaro Coal-field, 
it bends round towaida the east 


Pdrphyrytic gneiaa. 


Ihe lowest of these rooks, the por^diyrytic gneiss, is the most 
interesting member of the series, whether we re- 
gard it fiwm a lithologioal or a geological point of 
view. It ia composed of mica (two speoiea), qnarfa: 

CoiHMritiep. 

and orihoclase fdqpar, the latter occurring both 
in the general matrix and in peculiar twin crystals which in aecticn form 
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a& obtase sllfie. sometimes ooeor so abnadaDflj end witii so 

little common diieotimi of their axes as to give the lodc tiie sppeaianoe 
of a oonglomaate. 

nie diief physical ehaiaoter which distiogiiishes this took is its 
tenden<7 to form bosses and ton; the former 
diiiMtan. a perfectly smooth and dome«like ont^Sj 

which at fost one is apt to suppose must be due to facial action; doaer 
examination, however, proves it to be a structure penetrating for beneath 
. the surfooe, and, in foot, that the bosses are not solid masses of took, but 
oonsist of a series of concentric shells, the thickness of which varies from 
eight inches up to two feet. Difihrent bosses exhibit various stages of 
the break-up of those shells ; some have a curved fragment clingin g on 
here and there, while othen exhibit a perfectly smooth unbroken surface ; 
a talus at the base being the only remains left of the last shdl. 

No theory yet put forward has satis&ctorily accounted for the 
origin of these didls, or rather we should say 

QTlioorioB* 

of the spherical joints which have given rise to 
them. It has been suggested that heavy showers of rain fiJling on the 
surfiuse of the rock whidi had become heated by the sun have produced 
a sudden contraction and consequent splitting off of the shdls; this 
explanation, however, is obviously insufficient to account for any but 
the vmy thinnest layers; the non-conducting powers of stone rendering 
it quite imposrible that the sun's heat could penetrate to a dq>thof 
two feet 

The true explanation will probably be found to be that this struc- 
ture was formed as the rock coded down from the 
FNUde opbiiatiaii. temperature to which it may have been raised 

dining the procesB of metamorphism. The fket of a somewhat similar 
straetun being occasionally seen in igneone gnudtee and lavas fovors 
the idea that it is due to internal heat. 
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*niese l)osaes occur moot abimdaiilfy sonili of the Boagorh field ; 

as we approoeh the sontb bonndaiy of that field, 
we find the poiphytytic gneiss is overlaid by the 
gnmitic and syenitic varieties ; these also occasionally form bosses, in 
which, however, the thell stmotnre is not so well developed. 


FoH&m of boMes, 


Other Mokii 


Above these last are fimnd qnaxtsdtes, fdspathic gneiss, and mica- 
schists, alternating with horpblendic schists. The 
quartzites are less frequently met with than the 
other varieties. Th^ seldom conrist of pure silica ; more frequently 
containing rither a small proportion of felspar or a few scattered crystals 
of mica. 


The micB-sdiists, too, ooenr but seldom in the sections. Near the 
Hiea-idusU. village of Bulsugra, west of the Bokaro field, they 

seemed to be more strongly developed than elsewhere. „ 


The homblendic schists display their ordinary characters, t. e,, some 
are disfinctly foliated, while others are compact and 
BomUendic MhiBis. undistinguishable from greenstone; while 

still another variety, owing to the absence of foliation and the distinct 
crystallisation of the component minerals^ might easfly be miatalrnn for 
a diorite. 


Towards the south boundary of the Bokaro field ooenr a jiwmhay of 
north and south ridges of sandstope-like gneisa and 
Sandifame-like gndWi |ioniblendic schists. The former, when slightly 

disintegrated, is not easily distinguishable from an ordinary coal-measure 
sandstone. The latter correspond to the varieties of homblendic schists 
already mentioned; the chief difference bring that the oanncn-ball stmo- 
tuts is better developed, or perhaps it may be only more favorably 
exposed. 
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Metamorphic conglomemtes were met with in the stnem sooth 
of Hediq)oors, and near the eilh^ of Soogee. 
Hie matrix had » gneiaBoae atmotnre, and con- 
tained rounded quartz pebblea of Tarious ozes. 

W«A of this area some argillaceous elates form the hilla, iqion the 
flanks of which the sandstones of the Chengurlira 

Atgillaceolu datei. 

(or south Kamupoora) coal-field rest; oothing 
about the rdation which they hear to the gneiss is yet knowiip so we 
are obliged to pass them oyer for the present with this brief notice. 


Atgillaceolu datee. 
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1. Introductm . — During the five years which have now elapsed 
since the Geological Survey of India was extended to the Bombay 
Presidency, a very conbiderable portion of the immense tract occupied by 
volcanic rocks in Western and Central India has been examined, more or 
less closely. Nearly the whole valley of the Taptee and its tributaries, 
the Nerbuddda valley west of Hoshungabad, and a considerable tract of 
country around Nagpoor, have been surveyed ; whilst rapid traverses of 
the countiy between Bombay and Nagpoor have been made, and the 
neighbourhoods of Bombay, Poona, Ahmednuggnr, Jaulna, Mahablesh- 
war, Baitool, Chindwana, and Bajamundry, together with portions of 
Sind and of Cutch, have been more or less closely examined. 

Until however still more extensive areas of this widely spread series 
of rocks have been surveyed, no complete general account of them can 
Memoin of the QeokgM Sorv^ of India, Tol Tl, Art, 6. 
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bo givGDj still the obsorv&tions mado in the course of the survey have 
added to our knowledg^e of thenij despite the excellent previous descrip- 
lions of Dangerfield* * * § Sykesf, MalcolmsonJ, Newbold§, Carter||, Hislopf, 
J. G. Medlicott**, and others, and these additions comprise points 
connected with both the physical character of the rocks and their 
geological age. 

The previous explorers to whom I have'refetred have well described 
the most striking fcatnres of the extraordinary tract of country occupied 
by the traps. The vast area covered by the volcanic formations, the 
enormous accumulation of horizontal or nearly horizontal beds of basaltic 
rock, the distinct stratification, the massive flat topped hills which 
are the result of these characters, the precipitous scarps, (the origin of 
which however has generally, I think, been incorrectly attributed tg 
other causes than the real one, aqueous denudation,) the absence of craters 
the abundance of zeolites and other minerals, and the presence, locally, 
of interstratified beds, calcareous or siliceous, containing freshwater fossils, 
have all been noted again and again. I shall therefore attempt no 
general description of the volcanic area, but pass on to the consideiatiou 
of some of its principal characters. 

2. Area covered hy First, as regards extent, the traps stretch 

uninterruptedly from near Belgaum (lat. 16® 5'0 N.) to Goona (lat. 
24® 80' N.), and from Bombay (long. 72® 60' E.) to Umurkuntuk 
(long. 81® 60' E.). This is, however, by no means the whole of their 


• Sir J. Malcolm, Memoir of Central Indie, VoL II, p. 813, 1828. 

t Geological TransaotionH, Ser. 2, Vol. IV., p. 409, 1888. 

J Id.Vol. V,p.637, 1887. 

§ Jour. Roy. As. Soc , London, Yol. IX, p. 20, 1848. 

II Jour, of the Bombay Br. Roy. Ae. Soc,, Vol. V, p. 265, Ac 1868. 
f Quar. Jour, Geol. Soc. of London, VoL XI, p, 866b 1864. 

«« Memoirs Qeol. Sorv, India, VoL II, p. 217, 1860. 
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original extent. Outliers are represented for nearly a degree south of 
Belgaum upon Maloolmson^s map* * * § but as regards the extreme original 
extension^ both north and south, additional information is still required. 
Of their extension to the east also something has yet to bejieamed; 
some interesting observations have been made within the last year by 
my fellow surveyors; Mr. H. B. Medlicott met with an outlier in 
Sirgoojah District on the hills west of Burwa, well east of the parallel 
of Sit" ; and still further east, daps of trap have been found by various 
officers of the survey upon some of the hills which intervene between 
Sirgoojah and the Bajmahal hills in Bengal, but it is not yet ascertained 
whether these should be referred to the jurassict traps of Bajmahal, 
or to the Deccan and Malwa series, which, as 1 shall show presently, 
are not of older age than middle cretaceous. 

Several writers have suggested! that the traps and their intersirati-i 
fied sedimentary formations with marine fossils which occur in the 
neighbourhood of Bajamundry belong to the same g^eat series as the 
basaltic rocks of the Deccan ; and amongst the fossils obtained at Baja- 
mundry by Lieutenant Stoddart, and described by the late Mr. HisIop§, 
were specimens of freshwater species identical with those found in in- 
tertrappean beds in Central India. Since this paper was first written I 
have had an opportunity of examining the beds at Kateru, close to 
Bajamundiy, and I find that the trap is precisely similar in mineral 
character to one of the commonest varieties occurring in the Deccan. I did 
not succeed in finding any specimens of Piyaa Prins^ii, or of the other 


• Qeol. Trans. Ser. 2, Vol. V. PI. XLVI. 

t See paper on Catch ante, this vol., pp. (82), (88). 

J Tlie first, I think, wasNewbold, in Jonr. As. Soc of Brnfpil, Vol. XI, p. 957, Note. 
The first notice of the oeenrrenoe o f fossils near Rajamnndry washy Dr Benza, in Mad. Jour. 
Lit. and Sci , Vol. V, p. 60-53, and Jonr. As. Soc. Bengal, Vol. IV, p. 486. 

§ Qnar Jour Oeol. Soc., Vol XVI, p. 154. 
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species of freshwater shells mentioned by Mr. Hislop« as obtained by him 
iix>m Bajamundry^ but 1 met with a well preserved specimen which 1 have 
little hesitation in referring to, Lymnea subulata. Sow, a shell as charac- 
teristic of the Central India intertrappeans as Physa PHnaepii is. I can 
therefore to some extent confirm Mr. Hislop's deductions as to the exist- 
ence of tiaps belonging to the Deccan series at Bajamundry, but 1 do not 
think it is yet satisfactorily shown that these rocks ever extended across 
the intervening area, although 1 by no means think such a former exten- 
sion improbable. Outliers are represented on Malcolmson’s map, already 
referred to, as dotted over much of the intermediate country, but of 
these, one of the largest is represented as stretching for a considerable 
distance along the Godavery at Bhadrachellum, which town appears in 
the map to stand upon the outlier. In a recent journey down the Godavery, 
which, however, was too hurried to allow mo to search to any extent, 
did not observe any of these outliers, and at Bhadrachellum all the rocks 
appeared to be metamorphic ; but my means of observing were far from 
sufficient to enable me to state that trap does not occur in the neigh- 
bourhood of the river. Other outliers of basalt appear marked on the 
same map near Ongole, 150 miles south-west of Bajamundry, and about 
the same distance south-east of Hyderabad. I do not know to what 
formation these belong. 

Some observers have considered the trap dykes which occur in 
metamorphic and other rocks throughout India evidence of the former 
extension of the Deccan trap, lliis, however, is an error, as has been 
shown by Newbold and others, there being abundant evidence that these 
dykes are, in many instances, of far greater antiquity. 

To the west I can add something more positive as to the extension 
of the trap area. I have shown in a previous paper'**' in this volume that 

* 2>ee ante, p (21). 
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the basaltic rocks of Cutch^ unmistakably belong to the Deccan trap 
series. This carries the western boundary as far west as longitude 69." 
The beds in Cutch are about 2,000 feet thick. I have also discussed 
the possibility of the small section of amygdaloidal basalt which occurs 
at the base of the nummulitic rocks at Runneekotef in Sind belonging to 
the same series^ and have pointed out the possible connection of some 
of the volcanic rocks found on the coast of Arabia by Dr. Carter. 

ft 

Independently of Sind, we have thus good evidence of the ex- 
tension of these volcanic rocks throvffhout 9^ degrees of latitude and 15 
of longitude. The area covered by them in the Peninsula of India can 
be little less than 200,000 square miles. 

3. — Petrohgg, — ^Next, as regards mineral character. The most strik- 
ing peculiarity is the great prevalence of amygdaloid, in which the 
kernels, containing chiefly zeolite or agate, sometimes form the principal 
part of the rock. The most common zeolitic mineral occurring is SHlbite, 
next in abundance are Apophyllite^ Eeulandite^ Laumonite^ and Meeofype 
or NakoliteX. Chahaeite and Thomeonite are rare. Analcime, which is said 
to occur by some writers, I have never met with. 

Usually the nodules, both of zeolite and of agate, (the two frequently, 
though not always, being found in distinct beds of trap,) arc surrounded 
by a layer of green earth, the great prevalence of which mineral is 
extremely characteristic. 

* See Captain Grant's map; Geol Trans. Ser. 2, Vol. V, pi. XLVI. 

t See ante, p. (6). 

X The Rev. Professor Hanghton's species SttlopUe (Phil. Mag. 1869, Vol. XVII, p. 16 ) 
is evidently merely CoMle, coloured by green earth, and, of course, no more a mineral 
spedes than Fontainebleau sandstone is Sec also Dr. Carter's note to a paper by Mr. Hislop 
in Jour. Bombay Br, Roy. As. Soc., VoL VI, p. 194. It remains to be seen whether the 
SyUdriU of Professor Shepard, American Journal of Seieuce for July, 1865, Vol. XL, 
p. 110, is not StUhiU, coloured in the same manner. In any case the name ought to be 
ShthaAriU from the Syhadri, the range known in English by the absurd title of the Western 
GhSts. 
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Another equally characteristic rock, though less abundant^ is a 
peculiar porphyritic basalt^ containing numerous tabular crystals of glassy 
felspar^ often greenish in coIouTi and measuring usually from i inch to i 
inches across. 

Both these forms of rock have been pointed out by other observers, 
and especially by Dr, Carter and Colonel Sykes, but they are so pe- 
culiarly characteristic of the Deccan traps that |hey will bear referring 
to again. It was by means of their occurrence that I was enabled to 
recognise immediately the traps of Cutch as belonging to the same series 
as that of the Deccan and Malwa. 

4. Occurrence of volcanic -There is one peculiarity of this 
series, however, which has not been before, I think, clearly pointed 
out, and that is the frequent occurrence throughout of beds of 
volcanic ash. The beds have, it is true, been noticed and well 
described by Malcolmson^ and Carterf, under the name of basaltic 
breccia, or volcanic breccia, but both these writers looked upon the 
rock as intrusive. This, I feel convinced, is an error ; the rocks in 
question are so precisely similar to those formed of the ejecta showered 
forth from volcanoes during eruption, and which constitute the greater 
portion of the cone of most large recent and extinct volcanoes, that 
I have no hesitation in considering them as identical. 

In some places, no inconsiderable proportion of the whole series is 
formed of this rock. Several beds may be seen in the cuttings upon the 
sides of the hill ranges traversed by the road between Poona and 
Mahableshwar, especially at the Kamatki Ghat. One bed is peculiarly 

• Trani. Geol. Soc., Bombay, Vol. VI, p. 872, note. 

t Geology of the Island of Bombay, Jour. Bombay Br. Roy. As. Soo , Vol. IV, 
pp. 164, 195. Summary of the Geology of India, id. Vol. V, p. 287. See also Vol. VI, 
p. 171, Ac 
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conspicuous at the lower gateway leading to the fortress of Singurh 
near Foona.^ A little occurs in the Island of Bombay, and there is 
a well marked bed on the Island of Slasette in which the Buddhist 
caves of Kanheri are cut. But the rock occurs almost everywhere, 
and may be easily recognised by its irregular weathering, the soo- 
riaceouB blocks remaining in relief upon the surface precisely as in old 
volcanic cones. Very irequently a thin bed of ash occurs Iietween 
different trap flows, and this sometimes passes into the red clay or 
bole BO commonly interstratified with the traps, and which, also, 
I am rather disposed to look upon as a form of volcanic ash. Mr. 
Hislop considers this bole as sedimentaiy.f He may perhaps be right, 
but I have never seen either pebbles or organic remains in it, and, as 
before said, it is distinctly mixed at times with the scoriaceous breccia. 
This does not, however, prove the bole not to have had a sedimen- 
tary origin, as the volcanic scorise might have been showered into 
water as well as on land. 

6. Horizontalliy of traps. Thickness of beds , — One of the most 
remarkable characters of the traps is their surprising horizontality. 
This is very conspicuous along the Syhadri range east of Bombay, 
in the scarp south of Ehandeish, throughout the vast tract of country 
between Poona and Nagpoor, (about 400 miles,) and on the scarp of 
the Malwa plateau, north of the Nerbudda. Where exceptions occur, 
the dips are almost certainly due to subsequent disturbance, as along 
the coast at Bombay and to the northward, in the Sathpoora and 
Rajpipla hills, and on the lower Nerbudda. In most of these cases the 
disturbance is proved to be of later date than that of the dqiosition of 
the traps by its affecting contemporaneous or later beds of sedimentary 


* Thif was noticed by Maloolmson. 
t Qnnr. Jour, Gcol Soc, Vol XI, p 361 
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origin, such as the intertrappcan «‘frog beds" of Bombay, and the nnm- 
mulitics of the E^pipla hills. The only departure from absolute hori- 
zontality to be seen in the traps of the Deccan is frequently no more 
than may be due to the lenticular form of the beds. Yet the separate lava 
flows are of no great thickness, the average in two sections which I 
measured, upon the railway on the Bhore and Thull Ghats, was apparentiy 
64 and 87 feet respectively, but really less, for the distinction between 
the beds could, in most cases, only be distinguished by lithological charac- 
ters ; and when, as must frequently have been the case, two or more beds 
of similar appearance and composition occurred together, they were fre- 
quently measnred as one. Indeed many of the more, amygdaloidal flows 
appeared to be made up of smaller flows from 6 to 10 feet thick, distin- 
guished by being highly amygdaloidal above, less so in the middle, and 
marked towards the base with long sub-cylindrical vertical pipes, of 
small diameter, filled with zeolite ; the more amygdaloidal character of 
the upper part of each stratum being apparently due to its having been 
originally more vesicular near its surface. But even supposing that 
these apparent distinctions are accidental, some distinct crystalline 
flows in both sections do not exceed 16 feet, and even assuming the 
average to be that given above, it is evident that the lava must have 
been poured out in a very liquid stale to have spread so evenly over a 
surface so nearly horizontal. I think it worthy of consideration 
whether some of the beds, especially the more earthy ones, may not 
have been volcanic muds, and not true lavas. 

6. F v^canic/oei.—Tbe absence of distinct volcanic foci has often 
been noticed. Of course cones of loose scories would be too easily re- 
moved by denudation to be left, and if the nuclei of the volcanoes were of 
basalt (and they probably were so) similar in character to some of the Uva 
flows, it would be extremely difficult to recognise them. Still it is curious 

that so few should have been met with. I have, I think, seen one or two 
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volcanic nuclei on the lower Nerbudda, and several in Cntch^’*^ but 
over the Deccan area, it is difficult to conceive where the centres of 
eruption can have been situated. In the Rajpipla hills, between the Taptee 
and Nerbudda, the numerous large dykes, and the disturbance which 
the traps have undergone, are evidences of a great centre of volcanic 
energy, and there may be other similar foci elsewhere, but I am un- 
acquainted with them. Tlic paucity of d 3 ^kcs in the Deccan is remark- 
able. Still they do occur and were noted by Sykes. The almost universal 
distribution of volcanic ash containing large angular blocks apparently 
showered out from volcanoes, and which cannot have accumulated far 
from actual vents, proves that these vents must have existed throughout 
the country; but it is very remarkable that in no single instance have 
the inclined beds of any cone been found preserved, enveloped by sub- 
sequent horizontal flows. 

7. The Deccan and Malwa itape not of suh^marinc origin . — It 
appears to have been a favorite idea with many geologists that the 
Deccan and Malwa traps were originaUy deposited beneath the sea. In 
favor of this hypothesis I can find no evidence wliatevcr. Mr, Hislop 
has shown reasons for objecting to it,t and I should not have referred to 
it here had it not been supported by Captain Newbold,]; who is, in many 
respects, the best informed and most logical of all the earlier Indian 
geologists. His arguments are— 

1^/. — The absence of cones and craters of elevation : 

— Its (the trap’s) usual compact structure : 

3r^. — The want of conformity of the trap to the lowest level 
of existing valleys : 

4M.— 'The occosionaHntercalation of marine ])eds, 

# The BCHsalled v’dcano of Donodur I bellcro to be one. 

I Qnar. Jour. Oeol. 6oc., Vol. XI, p 868. 

J Jour. Roy. As. Soc., ^ol. IX, p* 42, 
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eDormoiifl amount of denudation which has taken place 
iinoe the trappean epoch, and which has swept away upwards of 2,000 
feet of solid rock from the surface of the great Deccan plateau, would 
have removed all trace of volcanic cones, if such had existed, as has 
been shown by Carter and others. 

'This argument, I think, rests upon a fallacy : many sub- 
aeriid lavas are as compact as any other igneous rocks. But if any pecu- 
liariiy, more than another, is characteristic of the Deccan and Malwa 
traps, it is their excessively vesicular nature. That the rocks are not 
now vesicular is true, the hollows have been filled by silica, or by various 
species of zeolites. But if the spaces, now filled by quartz, agate, or 
aeolite, were not originally air bubbles, what were they ? Neither quartz, 
agate nor zeolite could have existed as such in lava, whether sub-aerial 
or sub-marine ; the water chemically combined with the zeolites would hdTve 
been expelled, and the chemical constituents of all have been fused and 
combined with the mass of the rock. Finally, is it certain that sub- 
iparine lavas are not vesicular ? My own impression is that, although the 
superincumbent pressure might diminish the size of the gas bubbles to 
i^me slight degree, it could have no further effect, and I cannot see why 
gas (usually water vapour) bubbles should necessarily be absent beneath 
the sea. 

3r^.— I do not clearly understand the force of this argument. 1 
cannot see in what way the relation of the planes of bedding in the 
traps to the bottoms of recent valleys proves more than that the present 
cuiface is not identical with that which existed in pre-trappean times, 
which is a matter of course. Probably Captain Newbold means some- 
thing else, but he has expressed himself Ul, and I can only confess my 
inability to follow his argument. 

4/^.— The only spot in which marine organisms have been found 
associated with the traps is close to Bajamundry, and their occurrence 
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tbere niftj be taken as evidenoe that the lowest tnqw with whidi they 
aie intercalated^ were poured out, not on the bed of the ooean^ bnt on 
tiie sea shore^ or in an estuary ; many of the shells met with bein|p 
clearly estaarine forms, and the association of freshwater q^es being 
evidence of the presence of land.* With this exception, the only sedi* 
mentaiy beds wluch occur interstratified with the tn^ from Umurknntnk 
to Bombay, and from Owalior to Belgaom, are distinctly freshwater, 
and, in most instances, lacustrme, no marine organism whatever 
having as yet been met with in them. With regard to the great mass 
of thetrappean formations, in which sedimentary strata are absent, this 
very absence of detrital deporits is strong proof of the subaerial accuma* 
ktion of the lava flows. It is also, I think, inconceivable that lava 
flows beneath water could have preserved their liquidity sutBciently to 
be spread oat in the thin and enormously extended horizontal beds of 
which the traps are in great measure composed ; they must necessarily, 
it appears to me, have cooled more rapidly than in the air. 

8. Duratm vokanie period.— Thoae who have fully appreciated 
the gradual conviction whidi has of late yeus been frwced upon the 
mindsof most field geologists, of the enormous periods of time which 
have been necessary for the accumulation of the various rock masses 
forming the earth's crust, will have no difScnlty in understanding that a 
large division, even of geological time, may very probably have elapsed 
during the accumulation of the Deccan traps. The thickness of these 
beds cannot be much less than 6,008 feet, perhaps it is considerably 
more. Upwards of 4,000 feet are seen in the precipitous sides of the 
vall^ below Mahableshwar. Probably considerably more than this is 
exposed in the Island of Salsette and the neighbouring mainland, bnt 
the ♦binknesB of the section there exposed has not been accurately 


* Joiir. Qcol. Soc.,sVol. XVI, pp, 17(i*192. 
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kneafitired. Yet that long intervals of time, in some cases^ at leasti 
elapsed between the different lava flows of which this immense thickness 
is composed^ is shown by the local accumulation of freshwater deposits 
abounding in remains of animals and plants.'^ In each of these cases 
a lake must have been formed^ and have become tenanted by a 
large number of different species of mollusca^ &c.j a very slow pro^* 
cess. In some places^ near Baroda^ I met with large accumulations of 
rounded pebbles^ not only of metamorphic and sedimentary rocks^ but of 
the trap itself, intercalated between beds of basalt and amygdaloid, so 
that denudation must have taken place to a considerable extent in the 
intervals between successive flows.t These accumulations appeared to 
have been deposited in hollows excavated in the underlying trap beds, 
and as currents of water must have been necessaiy to move such pebbles 
and to round them, it is only reasonable to conclude that these hollows 
were river beds, cut into the surface of the consolidated trap flows, and 
refilled by gravel and detritus, all in the interval between successive 
eruptions. It should, however, be added that these signs of long inter- 
vals are confined, so far as 1 have as yet observed them, to traps very 
low down in the series. 

d.^^Intertrappean beds, — I have already had occasion to advert to 
the sedimentary beds intercalated with the traps. These have been 
described by various writers, but especially by Dr. Malcolmsonit, Dr. 
Carter§, Mr. HislopH, and Mr. J. G. Medlicott^. The first described 

* I Bhall bIiow preBenily that tbese were accauiulatod in intervale between trap flows, 
and not, as held by Mr. Huolp and Dr. Carter, previonsly to tbe commencement of the 
volcanic outbnratB. 

f This baa been observed by Mr. J. G. Modlicott also ; Memoirs of Geological Survey 
of India, Vol. II, p. 208. 

J Geol. Trans., Ser. 2, Vol. V, p. 5^, &c. 

S Jour. Bombay Br. Boy. As. Soc , VoL IV, p. 174, Ac. 

II Qnar. Jour. Qeol. Soc , Vol XI, p. 866, wd Vol. XVI, p. 164. 

ST Memoirs Geol. Suxv. Ind , Vol II, p 199 § * 
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the deposits of Bemr and the Nizam’s territories^ the second those of 
Bombay Island^ the third those of the neighbourhood of Na^poor^ 
and the fourth those of the Nerimdda Valley. Dr. Carter and Mr. 
Hislop agree generally in their views of the mode in which these rooks 
have been formed; Mr. Medlicott^ with whom I entirely agree, 
differs from them. Dr. Malcolmson did not enter into theoretioiJ 
speculations. 

The rocks of the Island of Bombay have recently been re-described 
by my colleague Mr. Wynne,* who has shown that the views originally 
held by Mr. Clark, Dr. Buist, and others of the interstratification of the 
sedimentary rocks with the trap beds agree far better with the facts than 
Dr. Cartels very ingenious, but somewhat complicated hypothesis of the 
deposition of the freshwater beds in the first place, and of their subset 
quent disruption by successive volcanic outbursts. I entirely coincide 
with Mr. Wynne’s opinions in this matter. 1 think there can be no 
question that the rocks of Bombay consist of a number of successive 
flows of lava differing in mineral composition, and that sedimentary 
beds were deposited, probably in lakes, upon several different flows in 
succession. 

The majorily of the fossils described by Dr. Carter from the Bom- 
bay intertrappean formation were obtained from the sedimeniaiy bed 
which underlies the basalt of Malabar hill, the thickest bed known to 
be intercalated with the traps anywhere. The most important fossils are 
Amphibian or Beptilion; they include a frog {Rana puailla^ Owm) 
closely allied to existing species, and a tortoise, besides entomostraca, 
insects, some obscure remains of mollusca, and plants. 


• Memoirs Geol. Surv. Ind, Vol. V, Art 3. 
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W.—Di»iiHetmt between intertrappeane ^ Bmlaji and fiete tf 
(Smtral India. — It is worthy of remark that tiiis fanna (the plante are 
hat ill preserved*) comprises hat one species {Cypru eglindriea, Sow.) 
found in the intertrappean beds of Central India, although the latter, 
throaghoat an immense tract of ooantry, the extremes of which are 
further from each other than some of th^ are from Bombay, contain 
a temarkahly persistent fauna, mainly molluscan. The exception is a 
species whidi is said to have survived to the present day, and is there- 
fore worthless as an indication of geological age. Both formations 
have, however, been generally assumed to be identical, and although 
Dr. Carter oncef suggested that the Central Indian beds were older, 
his views were founded on a supposition that the traps of Bombay 
belong to a distinct scries to those of the Deccan, which is not correct, 
and on the fossil condition of the shells in the Nagpoor intertrappea&s 
being different from that of laud and freshwater shells in the European 
eocene, scarcely an admissible argument. 

The truth is, (and, so far as I am aware, it has not been clearly 
pointed out before,) that the Bombay strata, although a part of 
the same series as the traps of the Deccan, are the highest beds of the 
traps exposed, higher probably even than those of Mahableshwar, while 
the Nerbudda, Nagpoor, and Bemr intertrappeans, wherever I have met 
with them, are never more than 200 or SOO feet above the base of the 


* They area however, coimidered by Mr. Riglop distinct from those found in the inter* 
trappean beds near Nagpoor. Qnar. Jour. Geol Soc., Vol. XI, p 365. 

t Geological papers on Western India, p. 744. 

} Dr. Carter considered the Bombay traps as belonging to a more recent series thsn 
those of the Deccan. I can 6nd no evidence in fhvor of this view ; but as I have already remark- 
ed, I am compelled to dissent entirely from Dr, Carter’s views on the mode of emption of 
the Bombay traps. 
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series^ so that they are intercalated with traps pro- 
bably 4^000 or 5,000 feet lower than those of 
Bombay. The accompanying sketch section will 
illustrate this. East of Bombay for several miles 
(about 10 or IS) the traps dip steadily at from 5” 
to 10° to the west, so that higher and higher beds 
arc constantly exposed to the westward, and the 
highest are those seen in the Islands of Bombay 
and Snlsette. It should ])e remembered that the 
lowest beds seen in the Konkan, east of Bombay, 
viz., the horizontal beds which stretch away from 
near Kallian, where the western dip commences, 
to Matheran hill and thence to the foot of the 
ghats, are not necessarily the lowest beds of the 
trap, as their base is not seen. True, the Nagpoor 
and Berar beds are not necessarily the oldest beds 
cither, for we have no proof that the basement 
beds of the trap are everywhere of the same age, 
or what is the same, that volcanic outbursts com- 
menced at the same time over all the area covered 
by them.'’^ All that is proved is, that the Nagpoor 
interirappeans are associated with the lowest 
traps seen near Nagpoor, and the Bombay inter- 
trappeans with the highest seen near Bombay, 
and as both belong to one series, it is fair to 


• That they ore, however, approximately of the fame age 
throaghont a large portion of their range appears piobaUe liwm 
their resting on the Bagh beds and their equivalents with only 
sKght nnoonfonnity, and from the intercalated aedlmentary 
bands which oeeoiT dose to the base of the series the 

aame apeciea of foasila over so large an area. This u the case 
from Baroda to Jubbulpoor and Nagpoor. 
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conclude that the period of their formation di£Pers by a very large portion 
at least of the time during which the traps accumulated. 

Throughout the middle and higher traps of the Deccan^ even to 
Mafaableshwar and the other higher plateaus^ no trace of any sedimen- 
tary intercalated bed has been found ; all appear confined to the lowest 
flows^ cropping out round the edge of the trap area^ or to the highest 
flows^ appearing only at Bombay. 

11. Theorm of formation of the inierfrappean beds. — Mr. Hislop, 
who has perhaps given more attention to the intertrappean rocks than 
any one else^ and to whom we are indebted for the only complete 
account of the fossils^ has proposed the following theory of the formation 
of these beds.'^ He considers that all Central and Western India was an 
immense lake communicating with the sea to the eastward near 
Rajamundry ; that in this lake deposits containing remains of animals 
and plants accumulated ; that these deposits were covered over by traj), 
and then that a second eruption of trap was injected between the fresh- 
water bed and the surface of the underlying rock. 

Mr. J. G. Medlicottt showed that this theory was irreconcileable 
with facts observed by him in the Nerbudda Valley. If it were 
correct, the lower surface of the sedimentary bed must have been altered, 
whereas in evciy instance he had seen the upper surface alone had been 
changed by the trap flow above it, the under surface remaining un- 
altered. He says — In every case within our experience the sedimentary 
beds have been deposited tranquilly on the previously indurated and 
moreover previously denudated surface of the trap rock.” My own 
observations, I may say, entirely coincide with Mr. Medlicott^s. 

Mr. Hislopl; in a later paper considered that both upper and lower 
traps might be portions of one flow, and brought forward fresh 
evidence in favor of his views. To enter into these in detail would 

e Qiur. Jonr. Geol. Soc., Vol XI, p 868 

t Mem. Geol. Surv. Ind., Vol II, p. 806. 

K Qaar. Jour. Geol. boc., Vol. XVI, p. 155# 
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take too muoh time ; they ore by no means suffideut to prove more than 
local disturbance. I would suggest that the anastomozing hands to the 
right of the sketchy fig. page 167, are the result of infiltration^, as in the 
similar instance figured by Newbold, (Jour. Roy. As. Soc., Vol. IX, p. 88,) 
to which Mr. Hislop refers in a note, t'his also was Newhold^s view. 
That the sedimentary beds differ in colour from the subjacent amygdaloidf 
is scarcely proof that they were not deposited upon it^ nor even that 
they were not composed in part of detritus derived from it. 

Besides the objections pointed out by Mr. Medlicott, there are, I 
think, several others to the acceptance of Mr. Hislop^s theories. In * 
the first place, the existence of a lake several hundreds of miles in 
length and breadth, yet so shallow throughout the greater portion 
of its area that pulmoniferous mollusca (Lymnea, PhyaaJ^ could inhabit 
it, appears to me an anomaly. Secondly, Mr. Hislop’s theory does not 
account for the cases of two or more distinct successive deposits alternating 
with trap.]: If it be argued, as Mr. Hislop appears to do, that these 
were originally one deposit and were separated by intrusive masses of 
igneous rock, the reply is that their distinctness of deposition is proved 
by two successive deposits frequently differing entirely from each other 
in mineral character. § Above all, how is it that the trap, if intrusive. 


* Since the above was wrilleu, 1 have seen the place, and tintl my suggestion fxnroct. 
t 1. c., p. 166. 

t See Mem. Geol. Sarv. Ind., Vol. II, p. 201. 

§ Since the above was written I have received from my colloagne, Mr. Fcddcn. the 
fbllowbg section of the well known Meknlgnndi Ghat south of the Pem Ounga River and 
formerly described by Malcolmson : — 

1. Trap. 

2. Cherty bed containing C^pm, Umo^ Oc. 

3. Trap. 

4. Limestone containing Cgprii and fragments of small mollusra. 

6. Trap. 

6. Calcareons grit containing broken shells. 

7. Metamorphic rodcs. 

Here not only do the beds snocessivdy interstratiAed with the trap diSer in character, 
but also to some eztent in the fossils oemtuned, the Unto being vonAned to No. 2. 

( 158 ) 
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is always inserted either between the strata of the intertrappeans or 
between them and the underlying rock, frequeotly Damuda or Mahadeva 
sandstone and shale, and never between the beds of the latter ? Lastly, 
the idea of a mass of fluid, such as liquid lava, being intruded throughout 
immonse distances, in this case for hundreds of miles, between two 
pre-OM^iing strata, instead of forcing its way to the surface through 
tlie fir ^ iMck it meets with, is, to my mind, opposed to the first principles 
ol phy i( s Any fluid forced up from below, be it liquid lava, or 
water oi f>as, will unquestionably follow the course in which it meets 
vri^l i t resistance, the line of weakness^^ in short. How can this 
be a horizontal fraciure of immense extent, by intrusion into which 
not <mly enormous friction has to be overcome, but the whole superin- 
cumbent mass of rock has to be lifted bodily ? Meantime the surfiEUie 

e 

of the earth is only a few hundred feet above, and all that is to be 
overcome to reach it is the friction produced by the lateral pressure of 
the walls of any vertical crack, a resistance diminishing with every foot 
of rise. If the earth’s surface be many thousands of feet above, instead 
of a few hundreds, the argument is so much the stronger ; with the 
increased pressure the resistance to horizontal intrusion will augment 
in every instance, and the easiest road for the pent up fluid to escape 
must be the shortest leading to the surface. This argument is suscepti- 
ble of very wide application. If all geologists would bear it in mind 
when studying igneous rocks, we should hear vezy much less of granitic 
and volcanic intrusions” than is the case at present, and we should, 
1 suspect, find that mstead of being the most prevalent and effective, 
they are amongst the least important of the forces which operate and 
have in past times operated to change the surface of the globe. 

I believe, then, that Mr. Hislop’s, and I may add, Dr. Carter’s^ 
theory of the horizontal intrusion of beds of irap is not only opposed 

* See Joni. Bombay Br. lU^. Ai. Soc., Vol. \ j> 207 i68. 
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to observed phenomena^ but that it involves a series of physical 
impossibilities. 

Of course it is highly probable that local instances do occur of 
small intrusions of trap being inserted among and beneath the bed of 
the intertrappeans. I believe I have myself seen one instance. But 
there is a wide difference between a merely local intrusion, extending in 
each instance probably for but a few yards, and very possibly issuing 
from the overlying bed at the period of its deposition, and the injection 
of a mass of igneous matter throughout hundreds of square miles of 
country. 

I am disposed to believe that the beds of the intertrappeans have 
each but a small lateral extension. I have certainly seen them thin out 
and disappear within a few miles, and have never succeeded in tracing 
them to any distance. Mr. Hislop considered that he had traced them 
continuously from Nagpoor to Ellichpoor*. Mr. Wynne and I only 
found them in a few isolated spots in the intermediate country, and we 
searched in vain in many places for any indication of their existence. 

To me the occurrence of lacustrine deposits interstratified with trap 
flows appears so natural a phenomenon that their absence would be 
more remarkable than their presence. For when first lava flows ire 
poured over the irregular surface of a country shaped by sub-a(*ua^ 
denudation, as the surface of India appears to have been shaped befire 
the first volcanic outbursts, hollows must be filled up and rivers dammed, 
BO that shallow lakes will be formed. These will not, in all probal/jlity, 
be of any large size. Fresh flows of lava will fill up the first lakc^, but 
by damming up other hollows, will produce new ones, and so on, until 
by the constant accumulation of volcanic material the land has either 
been reduced to a plane, or the intervals between different lava flows are 


^ Quar. Jonr. Geol. Roc, Vol. XI, p 363. 
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too flhoxl to allow of the accumulation of sedimentary deposits. It is 
even possible that the re^on may have become barren and desolatej 
unfitted for organic existence^ or that^ from changes in the meteorological 
conditions caused by the volcanic phenomena and the destruction of 
vegetation, rain might cease to fall in the country. These last are mere 
conjectures, perhaps improbable, and scarcely warranted by the conditions 
of any known existing volcanic region, but no existing volcanic region 
approaches in magnitude to that of the Deccan. It is in any case 
easy to understand that when rest from volcanic disturbances, showers 
of ash, and lava flows, permitted sedimentary deposits again to 
accumulate in the intervals between eruptions, the old lacustrine fauna 
of the district had died out, and the change had taken place, which 
is indicated by the fossils of the Bombay intertrappeans. It is also 
in accordance with probability, I think, to suppose that the volcamc 
energy was less, the flows more partial, and the periods of intermission 
longer, at the commencement and towards the close of the trap epoch, 
than in the middle of the period. 

The above theory, I think, accounts naturally and easily for all the 
phenomena of the Central Indian and Bombay intertrappean beds. It 
explains why the sedimentary beds sometimes occur at the base of all 
the traps; it accounts for several successive deposits, for their limited 
and irregular distribution, and also, though I confess less completely, 
for their absence in the great mass of the trap formi^ion. 

12. Gttdogieal age of Deccan and Mahoa traps , — ^There is yet 
one more question to be treated, and that is the geological age of the 
traps. The latest and most important contribution to this subject is 
again Mr. Hislop’s paper, so often quoted. He concludes that the traps 
ore of lower eocene age. The same opinion has been held by others, and 
I entirely coincided in it myself until very lately. Mr. Hislop^s argu« 
ments are, — ^the great similarity between the freshwater shells of the 

( 166 ) 



OF WESTERN AND CENTRAL INDIA. 


21 


iDtertrappeans and those of the plastic clay found at Rilly la Montagne, 
in Belgium^ several points of similarity between the flora of the intertrap- 
peansj and that of the London clay^ mi, especially, dose lesemblances 
between mollusca of the nummulitics of N. W. India and those found 
at the localities already mentioned near Bajamundry. 

It will be seen that the evidence, although strongs is imperfect. 
Similarity of specific forms may imply, not identity, but merely approxi- 
mation of geological age. That which I have to notice, therefore, will 
not in the least aifect Mr. Ilislop's arguments, but will tend, I think, 
to favor the idea that the traps may be rather older than lower eocene. 

It has for some time been known that marine fossiliferous rocks 
of cretaceous age exist in the western parif of the Nerbudda Valley, The 
fossils were first discovered near Bagh by Lieutenant (now Colonel) 
Keatinge in 1856, and briefly described by Dr. Oldham in the Journal 
of the Asiatic Society of Bengal for 1858, Vol. XXVII, p. 122, and 
by Dr. Carter in the Journal of the Bombay Branch Royal Asiatic 
Society, Vol. V, p. 621. Some of the same collection of fosbils, amongst 
which Echinodermata prevailed largely, furnished the material for a 
recent paper by Dr. Martin Duncan,*^ in which the exact horizon 
of the Bagh beds was shown to be that of the Upper Greensand 
of Europe.t 

In 1861 Mr. Rogers, the Collector of Surat, found nummulitic 
limestone in situ at Turkesur, close to Surat. The occurrence of limo- 
atone containing nummulites had previously been noted, a few milcB 
further north, by Dr. Maicolmson and Major Fulljames, but the details 

• Qmur. Jour OeoL Soc. of London, Vol. XXI, p. 849. 

t There are lome minor erron regarding localities in Dr. Martin Dunoan’s paper 
to which 1 dull refer ebewhere. 1 scaroelj tinnk, too, that aU his geologioal conclnsionii 
are home out by the evidence adduced, but there can be no question of the Bagh lieds 
being middle cretaceous. 
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were not published before 1862 , when Dr. Carter^ made them known. 
He had previously mentioned the occurrence of nummulites in the 
Bajpipla hills in his Summary of the Geology of India.'' These 
beds containing hummulites have been carefully examined by the 
survey and found to extend along the edge of the traps from near Surat 
to the neighbourhood of Broach. The fossils collected from the lowest 
beds have been partly determined by Dr. Stoliczka, and are unmis- 
takably lower eocene (Parisien). 

Thus lower eocene and middle cretaceous beds were known to exist 
in immediate connexion with the traps, but nothing whatever had been 
ascertained of their relations to the volcanic rocks. One of the most 
interesting geological questions in Western India was to ascertain these 
xelationB. ^ 

This has now been done with the following results. The lower 
eocene beds of Surat rest quite unconformably upon the traps, and 
there is clear evidence of an enormous amount of denudation of the 
latter, both before and during the deposition of the nummulitic beds. 
Not only do the eocene rocks rest upon the denuded edges of the 
traps, but materials derived from the latter enter largely into their 
composition, a thick conglomerate of rounded trap jiebbleB forming 
the base of the nummulitics in many places, and hundreds, perhaps 
thousands, of feet of gravels occurring in them, the pebbles of which are 
chiefly agates derived from the trappean rocks.f There can thus be no 
question that the lower eocene beds are much newer than the volcanic 
series of Malwa and the Deccan. 

There is also unconformity between the traps and the middle 
cretaceous beds of Bagh, and this unconformity is, in places, very 

* Jour. Bombay, Br. Boy. As. Soc., Vol. VI, p. 164. 

t Some of these beds of pebbles west of Broach fundih the agates camdians, Ao., 
which are worked by the lapidaries of Csmbay. 
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considerable. The cretaceous beds appear in some localities to have 
been greatly denuded before they were covered by the trap flows. But 
there is never much difference in the dip of the two series ; where the 
cretaceous beds are inclined^ the traps^ as a rule^ are inclined also, and 
although the Bagh beds appear in one or two places to have been a 
little disturbed before the commencement of the trap epoohj such 
occurrences are very rare and exceptional; in very many cases the 
former have scarcely undergone any denuding action before they 
were covered by the traps. Over many hundreds of square miles, west 
of Bagh, a thin bed of calcareous conglomerate or limestone which re- 
presents the cretaceous rocks, and which is not more than SO to 50 feet 
in thickness, is found uniformly at the base of the volcanic scries. Here 
and there it has been cut away, as if by a stream, but it is rarely wanting 
for many yards. Indeed the uneven surface upon which the traps are 
deposited prove that the denudation undergone by the Bagh beds was 
purely sub-aerial, and due to rain and rivers, whereas the denudation 
of the traps before the deposition of the nummulitics may have been 
marine. 

Far more numerous and better sections were met with of the 
base of the traps resting on the cretaceous rocks than of the bottom of 
the nummulitics resting on the traps, but so far as it has been possible 
to judge, the amount of denudation of the Bagh beds prior to the depo- 
sition of the traps was less general, and also less in amount than the 
denudation of the traps before the deposition of the nnmmulitic series ; 
and therefore the conclusion to be drawn from the geological evidence 
is, that the lowest traps appear to differ less in age from the middle ereta^ 
eeous beds of Bagh than the highest traps do from the lower eocene form* 
ations of Surat. 

There is also a little palsBontological evidence, but it is of small value 

when compared with the geological. In some beds beneath the traps 
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near EUiohpoor^ wluch appear to represent the Bagh beds^ Mr. Wynne 
found freshwater shells, one of whidi, a Melania^ is closely allied to if. 
^pmirilineatai Sow. 

Again, there are some strong resemblances between some of the 
fossils of the Bajamundry intertrappeans and those of the cretaceous 
beds of Trichinopoly,'^ resemblances quite as marked as those pointed 
out by Mr. Hislop between the former and the nummulitic beds of 
Sind. Exact identity can scarcely be expected, the Bajamundry band being, 
I think, estuarine, while all the Trichinopoly beds are purely marine. It 
is by no means impossible that the Bajamundry beds may have been 
contemporaneous with the uppermost strata of the Arrialoor groupt of 
Southern India. 

The evidence, it will be observed, is still far from conclusive, but 
it appears highly probable that part, at least, of the traps are upper 
cretaceous in age. It is even possible that the lower traps (with the inter* 
trappeans of Nagpoor, the Nerbudda, Berar, &c.,) might be middle 
cretaceous. The eruptions which produced them may have continued 
throughout a long period of geological time, and the uppermost flows 
of Bombay and Mahableshwar might even have been contemporaneous 
with the oldest tertiaries. 

* Until the examination of these fosi^ hj Dr. StoUeaka, now in progress, be oompletcd, 
it is impossible to aay if an j identiflcaiUona can be made. 

t Mem. Geol Snrv* Ind., VoL IV, p. 127. 
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PosTSCEiPT.— I have omitted in the preceding pai)er to notiee 
in detail opinions upon the traps expressed by many writers, because 
to liave examined into eveiy question seriatim, would have taken too 
much s})ace. Most Indian geologists have made observations under cir- 
oumstances of considerable difficulty ; many of them have never had the 
opportunities which European gcologfists possess of access to libraries 
and museums, or of communication with the leading scientific men of 
the day. Tliat some crude ideas, distinguished more by originality 
than by probability, should have been put forth by men thus isolated, 
especially upon the subject of rocks so remarkable in many respects as 
are the Deccan and Malwa traps, is not to be wondered at, and it is 
quite unnecessary to cull attention to them. 

Amongst these I have, however, from inadvertence, allowed the 
remarks of the Brothers Schlagintweit to remain unnoticed, and' as these 
gentlemen possessed the advantage of previous scientific training and 
some European experience, and had even attracted the attention of 
geologists in Europe before their mission to India, their opinions evi- 
dently deserve attention. I am sorry, however, that I find myself 
unable to agree with them. They consider (Report of the Proceedings 
of the Officers engaged in the Magnetic Survey of India, No. I, p. 6,) that 
the traps are unstratified, and also that they were poured out at the 
bottom of the sea. This last view was subsequently modified by Adolphe 
Schlagintweit (Report No. VI, p. 34,) who, after seeing more of the 
country, came to the conclusion that the effusion had taken place at the 
bottom of extensive freshwater lakes." I have already given reasons for 
coming to a different conclusion, and as especial proof of the sub-aerial 
origin of the traps, I would point out the extreme irregularity of the 
surface upon which they rest. Yet, although this irregularity is so great 
that in places, as in the Vindhyan bills, north-weft of Hoshungabad, 

values in the subjacent formations} upwards of 1,000 feet in depth, have 
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been filled by the traps, eases ace eonamon in no sedimentary 

deposits whatever undierlie the voloanie rocb at the very bottom of these 
yalleys,— a ciroamstance wbioh would be soareely posable if the valleys 
were sub-aqueous at the period of effiision of the traps. Besides, the 
sedimentaiy deposits, where they do occur beneath the traps, as near 
Bagh, have frequently undergone- denudation, and, 1 think, cleoiiy, 
sub-aerial denudation, before the trap period. As to the absence of 
stratifioation (a view never, so &c as I am aware, held by any previous 
Indian observer except Jaoqaemont), if the constant altesnation of 
different kinds of basalt and amygdaloid, the frequent interbedding of 
volcanic ash, the numerous ooonrrenoes of distinctly sedmentary beds 
clearly interstratified for miles along the hill sides with the ashes and 
lava flows, axe not evidence of stratification, it is diffienlt to concejye 
what evidenee weald suffice. Where the observations of the Messrs. 
SeUagintwat can ham been made, whidi induced them to state that 
"the horizontal linw of separation between different layers of traps 

are certainly im.ttMs of demarcation between different streams of 

lava,” that is, I presume, that the horizontal lines in question do not 
correspond to divisions between rocks differing in mineral character, I 
am at a loss to conceive. 
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PART L 

Geology of the country generally considered. 

Chapter 1. — Introductory. 

The tract of coiintiy described in the present report comprises the 
western portion of the Nerbudda valley from 
Hoshungabad to the sea^ and nearly the whole valley 
of the Taptee and its tributaries^ with the exception of the southern 
part of Khandeish. It also includes a small portion of the Malwa and 
Bhopal table land^ north of the Nerbudda drainage-area^ and so much 
of the Upper Wurda valley as is comprised in Sheet 54 of the Indian 
Atlas. To the v^est it is bounded by the sea fix>m the Mhye to the 
Taptee. The whole extent from east to west is about 360 miles^ from 
north to south the breadth varies 'from 175 to 80 miles^ the average 
being nearly 160. 

Politioally this region consists— >in the eastj of portions of the Bhopal, 
Dhar^ and Indore States, to the north of the Nerbudda; of part of 
Hodinngabad districti nearly the whole of Baitool and a portion of 
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TofiOfEfmphinftl Maps 
aTaiUUe for. 


Nagrpoor, in the C/cntral Pr<>vinc*6s, and the greater part of Eaat and 

Rtatff and political Berar;— in the centre, Alleerajpoor and 

diviftioitt included. Bagli, north of tlia Ncrbudda, the Nimar diatrict 

of the Central Provinoe?, a large trad Wlonging to Indore, the States of 
Bunranee, Akranee, and Kantt^e, and the northern portion of Khan- 
deish;— and to the wert, Chota Oodipoor, the Mewaasee States and 
Rajpeepla, all inehidiHl in the Rewa Kanta, together witli the Gailnvar’s 
territorieti around and S4>uth of BartKla, and pctrtions of the disirids 
of Broach and Surat. 

The io]xtgrH]>hS(*a1 majin cmj»h»yed during the snrvey, and from which 
the a4‘(‘<»m|iaiiying g(H>logica] map u»(*ompilod, vary 
greatly in value, and in some portions of the 
enimtr}', as in the Baitool distriet of the Central Provinces, ajjd the 
wW regions of Akmnet*, Kantoc, &c., in the AVest^^m SaljinoraK, none* 
whatever c*<»uKl obtaineil, mi that the geological lines had to W 
laid down on a rough sket<‘h of tlie iiiuntrv, iiiadt* hy watch and 
compass. A very largi* |H»rlioii of the area map])ed eonsists of traj», 
and thronghout thi‘‘, \X \\ 'a< onh neit*shary to a.^ertuin the alisence of 
any other n>ck, whiih wa^ ir«*tniently satisfaetorily dfeded hy an examin- 
ation o{‘ the pehl'les in the »‘trcam‘‘ Howing frcuu the several hill ranges, 
without devoting time to a chise examination of their interior valleys. 
Except in B<*rar, nothing like a thonnigh topographical map was avail- 
able in any of the fuoa* hilU trails of the ccmntiy ; the greater portion 
of the area was only laid down with ajiproximate af*eun^ on the route- 
survey maps of the Quarter Master Oenend's Department, which, 
although admirably ada]»t4*d for the objects for which they were intended, 
and indited cxeidlent map for all ordinary purposes,* could not possibly 
Ik* so accurate in their details as is necessary' in order to form the basis 


* It i« only fair to mj, that torli mapt ai Oaptuiii rollexfto'a of the KiuP^pls oountry, 
and Mi^ liaigif'a of the ItcrbiHlda valley, are good uieUd aa|ia» and Sir miperior to 
miifh that baa been printed in the Atlae fe^hecU ae delincationa of the pbys&eal geograj^y of 
the coiintr}'. 
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of a complete geological survey. The map whii-h a(*(*ompaiiies this report 
is, therefore, in many parts merely a general (though, it is believed, an 
approximately accurate) sketch c»r the geology of the country, similar 
to the adjoining map of the Central Nerbudda valley by the late 
Mr. J. (j. Medlicott. The ge<dogical examination has necessarily been 
somewhat unequal, more time having been devoted to the portions of the 
country in which fair maps were obtainable, and where the geological 
formations were varied and important, than to those in which, owing to 
the imjMTiection of the maps, detailed geological surveying would have 
Injcii simply waste of time, and in which the rocks arc unilbrm in 
character. 


In consequence of this inequality and of the large tract examined. 

Arrangement adopted adopted in describing the country in the 

in the present Memoir, present report diders somewhat from that gener- 
ally employed in these Memoirs. Instead of relating all the observations 
u]M»n each group of rocks under one head, it has appeared more advisable 
ill the first part of the report to give a general description of each form- 
ation, of the rocks eomiK>sing it, the area occupied by it, and its relations 
to the beds above and below, and in a subsequent part, to divide that 
country into the most natural and convenient sections practicable, and, 
under each, to give such details as have beim noted on all the rocks in that 
division. A great advantage of this method is that any one interested 
in the general geological description of the country will be able to learn 
the views put forward without having to wade through a mass of details, 
while these latter, so far as they have been observed, will be found, for 
each neighbourhood, collected under one head instead of being dispersed 
under several : the latter plan, in a report relating to so large an extent 


of country, rendering it, as the writer has often found, a matter of diffi- 
cully and requiring some time to ascertain what has been observed in 
each special district. The present arrangement, it is hojied, will thus 
render this report more easily available both to the student of the geology 
of India in general and to local geologists. 
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The sarroy of the countiy’ here doocribed has occupied four workiiij' 
TSmeoempied in for- (18G2-66). In 1862-63, Mefure. Wynne 

^ * and Wilkinson, who had then just reached 

India, were engaged with the writer in 8uiTP}nng the extreme western 
portion of the area, south of the river Nerbudda. After 1863, 
Mr. Wilkinson was engaged elsewhere, and be soon 

BiirTcjon. 

after was obliged by ill health to quit the survey ; 
Mr. Wynne and the writer remaining to complete the Nerbudda and 
Taptee countn*. In 1863-61 the whole line of the Nerbudda from 
Hoshungabad and Bhopal to Bagh and Burwanee was examined. In the 
next year the north-west of the map, now published, was surv’cyed fn>m 
Bagh to Oodipoor, and in 1S65-66, liesides some traverses across the trap 
area of the Deccan, the whole of East and West Bcrar, Baitctol, and 
the greater portion of Nimar were added to the urea examined. In 
compiling the present report use has been made of the labors of Messrs. 
Wynne and Wilkinson, of the former especially. T«> Mr. Wj-nne's 
pencil also are due the sketches made use of as illustrations, while all 


the western portion of the map has Ijeen compiled by the same gentle- 
man from a number of maps of var^'ing scales and degrees of accuracy. 


Chapter 2. — Previous observers. 

As is usually the case in districts in India, dilftrent portions of 

Eo ^(inonl asdosiit described in the present Memoir, have 

erw imbiiibcd beftib. received some attention from Indian geologisti^ 

nlthongh no general aooqimt of the whole by any one observer has ever 
been published ; and 11||^<inly attempt at a general deseription, fhat given 
in Dr. Carter’s ^Sumdai^, is neoessarily a compilation of isolated observa- 
tions of varying degrees of accuracy. / 

Very many who have described portions of the lower 

WiHm valley and the neighbouring eonntiy aie 

Mr. M«diuwit. meutioiied in Mr. J. G. Medlicotf s Memoir upon 

the adjoining districts to the eastward in the 2nd voL of these Memoirs, 
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and in the list given by Mr. Oldham as an appendix to that Memoir at 
p. 337^ by far the greater number of the publications are named in which 
the geology of the western portion of the Nerbudda country is described. 
A supplementary list^ consisting chiefly of papers on Malwa and Eastern 
Guzerat. is herewith appended. The majorily of the papers referred to are 
also contained in that most useful reprint of the ' Geological papers on 
Western India/ published by the Government of Bombay in 1867^ under 
the able superintendence of Dr. Carter^ a compilation which entitled Lord 
Elphinstone^ the Governor of Bombay^ and Dr. Carter to the gratitude 
of all interested in the progress of <>eology in India (c). 

As might be supposed some portions of these extensive regions have 
received far more notice than others. The neigh- 

Bifibrent portioiiB - - , - , , 

area ^avo mieivod differ- bourhood of the large stations of Mhow and In- 
ent amount* of notice. dore, andof the great Toad leading through them 

from Bombay and the Deccan to Gwalior, Agra, and' the other cities of 
the North-Western Provinces, and also the rich and populous districts of 
Surat and Broach, have received far more attention than the wild jungle- 
clad tracts wliich intervene. The geological formations seen on the high 
road from Malwa to Guzerat have more than once been described, while 
the roadless tracts of the Satpoora mountains and of the Dhar forest have 
remained unknown. 

The whole area may thus be divided into three portions, each of 
which has been noticed by separate observers. 

Sub-diviiion of ai^pa. ^ ^0 Nerbudda valley and its neigh- 

bourhood from Hoshungabad to Baroda; 2nd, the countries lying south 
of the Nerbudda to the eastward, including Baitool and Berar ; and 3rd, 
Eastern Guzerat, Broach, Surat, and their immediate neighbourhood. 

(a). It U ditBcult to ovor-eBtimate the obligationB of the officers of the Geological Soirey 
engaged in Western India to the Government which authorized and the Editor who superin- 
tended ^is most useful and admirable reprint- The advantage of having all the most im- 
portant publications on the geology of a large country in a portable form, so that they can 
be leferredto in the field, is very great indeed. 
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The Tuptee valley in Khanddab haa attracted acaruely aoy dbeerver^ and 
iiiiUd preaentB fewfeatnrea of geological inteieat. 

1. Nerbudda valley. 

The earlieat obaerver of the weatern part of the Nerbudda valley^ who 
haa left any account of ita geology> appeara to 

Dw^cfAfld* IBiai 

have been Captain Dangeriield, whoao appendix 
to Sir J. Maloolm'a " Memoin of Central India^' haa already been re- 
ferred to by Mr. Medlioott in theae Memoirs. In a ]iaper previously 
pnblidied in the txanaactiona of the Literary Society of Bombay (a) entitled 
" Some aoooont of the caves of Bagh called the Bancb Pandooa/' Captain 
Dangerfidd briefly described the roeka occurring there^and mentioned the 
iran mannCmtiiie then existing in the town^ but which haa since been 
given up on aoooont of the want of fud. In his deaeription of the 
^ Geology of Central India*' (^) Captain Dangerfidd treats principally of 
legiona lying to the north and east of thiwc 
now under desenption, and comprised in the area 
formerly surveyed by Messrs. J. G. and H. B. Medlioott. He, how- 
ever, examined a portion of the more western eountiy^and has made some 
exoeUent observatums on ita geological featnies. He deacribea somewhat 
minutely the diaiacters of the southern scarps of the Malwm plateau, 
north of Mundhusur, and the horizontal trap beds of friiidi it oonaiats ; 
of he counted 14. He thinks that the several beds increase in 
♦IimAimsm below, the nppermost being 15 to 80 fimt thick, the lowermost, 
800. This kin the ™dn oorreet, thongh the increased "thidmess of the 
beds bdow k partly apparent, and dne to the sharp lines adiidi mark the 
aepaiation of the upper beds, being, towards the base of the diib, much 
oanoeakd fay talus. Nevertheless the bottommost bed k very often of 
great thidmesB, a drenmstanoe due probably to its having filled hollows 
in the pie-exktiiig surfime et the couiitry. 


nugaadd, IBS. 


(a). TgL D, p. m. 

(i). MiIooIbi'i Gatnl luUs, VoL U, p. S18: OeoL pspen on WiaUnn India, p. Bil. 
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Captain Dangerfield also deacsribed the Nerbudda valley above and 
below Mundlaisur. In the upper part he mentiona theinm nndting of 
Katkotand Chandgurh^ and refers to Ihe ooeoivenoe of AmwMmiiei in the 
bed of the Nerbudda near Oonkar Mandatta^ an island in the river a little 
above Burwai^ on which stand some famous temples. This curious state- 
ment is probably due to some mistake (0) ; no such foasOs have been found 
by more recent obaerveis^ nor is it probable that any really occur at the spot 
indicated. Dangerfield mentions the occurrence of basaltic columns near 
Mundlaisur, anddescribesthealluviumOf the Nerbudda near that city. He 
also gives an account of the oceurrenoe of earlhem vessels and bridm imbed- 
ded in the alluvium at Muh&ur, and refers to the report that the ancient 
city of the same name, together with Oojein and 80 other large places in 
Malwa and Bagur, were, at a very remote period, overwhelmed by a 
shower of earth (i). To this story Captain Dangerfield does not appear to 

(а) . It appean almoat impertinent to inageet that the AmmamUeB might hare been 
ahclla of Planorhit, yet I see no other probable way of explaining the difflcnlty. They are 
aaul to have been accompaiued by Buoeinmm and a species of muaa^ and to baye occnrred 
in marl and earthy limeatonc. The fosailB near Bagh occur in earthy limeatone, bnt 
Ammowiiea are rare^ and ao are any ahelle reaembling HaMeMaa, and the moat abondant 
fossils are Echinoderms (‘MmkuierJ to w'hich Dangerfield does not refor. But no Bagh beds 
are known to occur near Oonkar (or Oonkoijeo, as it is more commonly called), and the 
maria and earthy Umestonea are probably the rirer depositi^ which contain PahuNma and 
Meltmia, either of which might have been mistaken fiir Jlaeoimaa and I7asbw 'With the 
vague knowledge of natnral hiatoiy neoesaarily prevalent in India at the period, and the 
imiiOBStbiUty of referonre to each few books as then existed, or to mnseoms, it is not 
anrprinng that such errors should have been committed aa to ndstake these sheOa PaUmMua 
or Mfllania and Flauorhii for BueoUmm and Ammomtet^ and predselly similar erron were 
committed many yeara later by 'Voyaey and othera. 

(б) . This very carions native atory, whidi is totally nnfimnded, has, nnilirtnnatdy, eb« 
tained a wide drcolation, like the equally ahanid tale of the emption of Denodnr hill in 
Cutoh, both being prominently montionod by Sir C. Lybll in his Elements of Qeology. The 
earth covering the andeicfc Mnldsnr (if. Indeed, anything more than a Um bricks and 
waterpoti be imbedded) ia or^finary rivw aUnvinm, end 1 teem from Captain Mdlisi^ hdely 
Executive Engineer at Mhow, and a good geologiat^ that the same ia the ease at (h^ei^ aa 
was indeed long ago aoggeited by Colonel Sykea in hia paper on tka geolqgy of a poftion 
ol'tho Dnkkan (GedL Traaa., Ser. % YtA. IV). Mr. FrMsr, who virited Oqjdii, thinks (OeoL 
Trana., Ser. 2, Vdl. 1, p 141,) that the old town probably decayed, and that the tale of Ita 
dcstniction is a ipyth. The stories of the oecnirence of voloanic crateri filled with water 
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have attached much faithi for he meutions the absence of recent volcanic 

action in tlie countiy around^ although ho refere to the stories of craters 

existing in the Vindhya and Biypeepla hiOs. These stories the general 

gi;H>logical investigation of the countiy has shown to be quite unfounded. 

The concluding portion of Ca]itain Dangerfield’s paper contains a 

description of the country on the road from Malwa to Ouzerat through 

Alice and Chota Oodipoor. His mineralogical observations are excellent, 

and have frequently been corroborated by the present survey, and his 

demarcation of the trap boundar}' on the Lower Nerbudda is a rough 

but good sketch. His other lioundaries are less c*orrc»ct. 

In another volume of the same transactions. Captain John Stewart 

gave some "Geological notes on the strata be- 
Stmrt. 1821. ^ ^ 

tween Malwa and Guzerat (a) This is onetther 

account of the rocks met with in a journey from Mhow to Barodu via 

Dhar, Kanas, Bajpoor, and Tejgurh. 

A very interesting account of the geological features of the country 

traversed Iw Mr. James B. Fraser on his way 
Fruer, 1822. / ^ 

from Delhi to Bombay via Neemu(*h, Mhow, 

Mandoo, Bagh, the Sinda*a Ghit, Khaudeish, and Nassik (b), deserves more 

attention, as although only entitled " Description accompanying a coUec*- 

tion of specimens,^^ it is not, like many papers of the period, a mere 

enumeration of names of rocks seim, with minute mineralogical details, 

which are now known to be of comparatively small importance. 

Mr. Fraser observed the very marked stratification of the traps forming 

the Malwa GhAts, and his estimate of the number. of bods is pretty 

nearly the same as Dangerfield^s, 15 or 16. He appears to have been the 

first to notice the limestone, of which so many of thepalaces and mosques 

in tlie Biypeepla hSIli vpftmM be due to tbe esSitenoe of i lo-ceUed lake Am the pleteeu nt 
Ttenin Moll, hut thie ia pelfaUj nn aiiiSeinl tank of large liae^ the water bung dammed faj 
1 bond, aa wea notioad bj Lientenant C. P. Bigbj. Tntuk Bombaj Qaog, Soc., VoL 12C, p. 1. 
(ff). Tnna. Bomb. lit. Soc., VoL III, p. 688. 

(6). Oaologiod Ikua., Bar. i; Vfll. I, p. lil. 
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of the old Mahomedan city of Mandoo are built, alid the eotiroe of 
which was unknown until a few years since (1856). He also describes 
the metamorphic rocks and sandstones of the neighbourhood of Bagh, 
As an example of the excellent observations recorded in this interesting 
paper, which has been unfortunately omitted {a) firom the ^ Geological 
papers on Western India/ the remarks on the difference in appearance 
between the Yindhya and Satpoora hills may be mentioned, the former 
being flat on the top, while the latter are bold and romantic in their 
outlines, rising into lofty peaks, and swelling into shapes which would 
induce the beholder from a distance to consider them as primitive,'* 
which is literally the feet (i). ^ 

Jacquemont (c) in 1852 (published 1841) marched through Mhow, 

Mandoo, Mundkisur, Asseergurh, and Boor- 

JacQiiemoiit, 1832. 

hanpoor, on his road from the Upper Provinces 
to Bombay. He observed the terraces on the hills near Mandoo, and 
also on the rises which are found upon the table land about Indore and 
Mhow, but insists that these are not the result of stratifleation (d), of 
which he declares that no trace can be found in the beds. So far as 
small specimens are concerned (and it is of these he is treating in one 
instance, at p. 593), this is true, but nothing can be clearer than the 
superposition of distinct beds, differing frequently in mineral composition, 
Jacquemont noticed the limestone at Mandoo, but appears to have 
doubted if the grains it contains are organic. He makes a few remarks 
on the alluvial deposits of the Nerbudda valley, and treats at greater 
length the subject of the traps {e) of Malwa and Nimar in general, and 
their distinctions from the volcanic rocks of Europe. His observations 


(а) . Dr. Carter in his * Summary’ mentiona hia inability to obtain acoeaa to a copy. 

(б) . See poitea. On my firat aeeiug the range north of Khandeiah from the Riypee^ 
hilla I noted them as apparently metamorphic. 

(o). Voyage dana Tlnde, VqI^UI, pp. 448, 598, &o. 

(if). The aame remark has bt&a made by Heaara. Schlagintweit j see these Memoira^ 
Vel. VI, p. 161. (e). pp. 698» 699. 
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m interefting, but be appeaiR to have been inclined to asgign hi^ 
geoloirioRl antiquity to the traps of India, and he comments u]K>n the 
lesemblances they present to metamorphic rocks in their mode of 
decomposition (?), and the rq>resentation of the veins and string {ftomt) 
of quartz and amphibol in the latter by the veins of calcfqmr and 
quartz in the trap (a). 

In two *papeiB published in the transactions of the Bombay 
Geopaphical Society (/>) , Major Stirlinir descrilies 
*'***^*^ * some of the geolopcal features of the neifjhbour- 

hood of Mundlaisur. The first paper contains ohsen-ations on the alluvial 
deposits of the Nerbudda valley and on the rocky barrier below Muh6(ur 
(or Mheysur) at Sansadurra, which Imrrier, he considers, was formerly 
complete, and formed the dam to a lake which covered the present site of 
Muh^sur. In the second note he describes the granite oi^uftiiig in 
the bed of the Nerbudda river at Mundlaisur, which he considers to 
have been not transported boulders, hut an actual protrusion of the 
granite throng the trap. His description of the mode in which the 
granite and trap are intermixed is ven' careful and accurate, as is als(» 
the account of the same given a firw years later 
Abbott, 1845. Captain AblK>tt, in the Journal of the Asiatic 

Society of Bengal (c). He arrived independently at the same conclusion as 
Major Stirling. Both notice the manner in which the gnnite and trap 
at the junction appear to blend into each other, and Captain Abbott 
suggests that this may be due to both granite and trap having been in a 
state of fusion at the same time. The examination of the ground by 
the present survey has led to somewhat different conclusions, which 


(a). Itiif^wciljIbbtOGriticiMJMqQeiiicmef ninulu. He did not live to tcHm tbmn, 
tad 1^ dfaiy wae prlntedSe it stood. Xiiij ernm would doabtleM have been*ekpiii^ed 
had ha bosn able to firepaie ble pepere tor pnbKcation. 

(5). A vidt to ibe fiJlc of Saaaidiim, Vol VI, p. 6, 1841, and, Notiee of granito 
fvotrndlng ttovasb tbe trapioekin the bed of the river HerbmUa at Mnndlvyeir, ibid.,p. 7. 
(e). VoLXIV,p.881. 

< 17 *) 
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will be found in the sequel. Another paper of Captain Abbott^s in the 
same volume of the Asiatic Society's Journal describes the day of the 
Nerbudda valley and some a^te splinters contained in it^ whidi he 
shows must have undergone fracture previously to being imbedded (a). 

Neither Stirling nor Abbott appears' to have been aware that 
metamorphic and other rocks^ lower than the traps^ in the 

Nerbudda valley at no great distance^ both east and west of 
Mundluisur^ and they were evidently unacquainted with Dangerfield's 
researches. 

Dr. Maloolmson^ about the same in the transactioDS of the 

Bombay Gcomphical Society (b) identified some 
MalcoluiBon, 1814. ^ 

specimens of PA^sa, L^mnea, See., collected by 

Lieutenant Blake near Gliara at the foot of the Nalcha Gh&t (N. Vf, of 

Mundiaisur) with shells found by himself in the intertrappean beds of Berar 

and Nag}>oor^ and he concludes that the Yindhyan mountains were elevated 

during the same comparatively recent epoch as the Sichel^ Gawilgurh and 

Satpoora ranges. He then proceeds to point out the importance of this 

determination with reference to Elie de Beaumont's theories concerning 

the synchronism of parallel mountain chains (c), A large portion of 

the paper is occupied by this discussion, and by remarks upon the 

ditferences presented by the climate and fauna of the Indian plains 

previously to the eruption of the traps and elevation of the mountain 

chains. The remarks are most interesting, as are all the few pages 

which their author has contributed to the elucidation of the geology of 

India^ but the data upon which they are mainly founded have since been 

shown to be incorrect, and it is therefore unnecessary to do more than refer 

to them. In a foot note (p. 372), Malcolmson very briefly refers to the 

(а) . Tliese may have been tbe remarkable flakes, almost totainly brokon bmiiaD 

agency, which abound in parts of the Norbndda valley. 

( б ) . voi. VI, p. sea 

(o). For some important remarks by Mr. J. G. Medlioott on this theory, see ihew 
Memoir^ Vol. 11, pp. 254-263. 
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ciiBieAoe of traps of different ages, and to the alteration of the cornelian 
conglomerates of Broach bj more recent igneous rocks. The details of 
his obsen-ations in Ouaerat were never published, and it is now impossible 
tii tell what were his reasons for lielieving in volcanic action oflater date. 
No trace of such action has been found by the present survey in the 
locality mentioned. 

Dr. Carter, in his Summary of the Gcolog}- of India, between the 

Cuter 1854 Ganges, the Indus, and Cape Comorin (o)” collates 

most of the uTiters already mentioned. The only 

additional remark of an} importance was a ver}' ingenious and happy 

suggestion that the * coralline limestone,’ mentioned by so many writers 

as ha^-ing been employed in the ruined buildings of Mandoo, might be the 

limestone mentiontnl by Captain Dangerfield as met with near Bagh on 

his journey towards Guzcral. Dr. Oldham pointed out the great interest 

attaching to this question to Captain (now 
KMtiiifre,1856. ^ ^ ' 

(Colonel) Keatinge, tlien Political Agent for Ni mar, 

at Mundlaisur, and this officer, in NovemWr 1S56, discovered fossils 

at Cherakhan aliout twenty-two miles cast of Bagh, and recognised them as 

lieing of cretaceous age. A few months later, in January 1857, he 

revisited the locality in company with Mr. Blackwell, and added largely 

to the fossils ccdlected. 

Dr. Carter, from the examination of a set of these fossils presented 

to the Bombay Branch of the Royal Asiatic 
Cuter. 1867. ^ ^ 

Society by Captain Keatinge, came to the eon- 

elusion that they were of Neocomian age. Unfortunately, either firom 

Dr. Carter’s having misunderstood the details of the discoveiy, or from 

some mistakes hj Mr. Blackwell, from whom the fonner appears to 

have derived mudi of bis information, the account given is full of erron. 

The merit of the diooovery, which was in reality solely due to Captain 

Keatinge as above shown, was ascribed partly to Mr. Blackwell, and the 

(a), jownfel of tlM Bombay Branch Boyal Aiiatk Society, Vot V, p. 17^ and 
Gebiogiea] on Wutem India, p. 688. 
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Oldham, 1858. 


foBBilfi were said to have been found at the caves of Bagh^ where the rocks 
are unfossiliferous, instead of at Doora and Cherakhan more than twentjr 
miles forther east. Even about the section *at Bagh there is some mistake. 
It is stated to consist of 

Bed ai^gillaoeoiis limestones and olay strata ... 20 feet. 

Sandstone ... ... ... 100 „ 

whereas no red argillaceous limestone is found about Bagh : the lime* 
stone which occurs there being a whitish nodular stone. 

Dr. Oldham, who had also received some fossils with the details of 
their discovery from Captain Keatinge, gave brief 
notices of thei^ occurrence in two publications (a) at 
h^ast and published a full a(*count in the Journal of the Asiatic Society 
of Bengal { 6 ) shortly after. In this he {K)inted out some of the mistakes 
into which Dr. Carter had been led, and questioned if sufficient data had 
yet been obtained for assigning the beds definitely to the Neocomian or 
auy other sub-division of the cretaceous series, while he confirmed Captain 
Keatingc^s assignment of the rocks to a portion of that series. 

Mr. Impey, in the Journal of the Bombay Branch of the Boyal 
Asiatic Society (c) gave a description of th^caves 
of Bagh, which contains some notices of the rocks 
occurring in the neighbourhood. 

It is unnecessary to do more than mention the descriptions by the 

Medlicott • Theobald, Medlicott and Mr. llieobald of the 

country to the eastward of that now surveyed in 
the 2nd Volume of these Memoirs. 

The last paper on this tract which requires notice is a very valu- 
able contribution to Asiatic palasontology by 
Dr. Martin Duncan, who published a list of the 
Echinodermata from Bagh, together with some from the south-east coast 

(a). Jour., Mod. Lit. & 6ci. Soc., Febmaiy 1857 : Bep. Brit. Amoc., 1857 : Ed. New 
Phil. Jour., No. 12, p. 820. 

<6). Vol. XXVII. p. 116. (c). Vol. V, p. 548. 
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of AiBbia, in tho Quarterly Journal of theOeolof^ical Society of London (o). 
In this the exact position of the Ba^h beds in the oretaoeoue aerieaia shown 
to be nearly that of the upper {[leensand of Europe, the fossils beings, in 
nearly every case, identical. Unfortunately Dr. Martin Duncan hasrepeated 
nearly eT«ry mistake made by Dr. Carter in the paper already alluded to, 
althou^ Dr. Duncan was acquainted with Dr. Oldham^s account, and refers 
to it Had he read carefully Captain Keatinge's diary quoted therein, he 
must have seen that the fossil locality was 2 to 3 marches cast of Ba^h. 
The geological arguments used to prove the identity of the Bagh beds 
with those of Ras Sharwen in Arabia appear by no means sufficient ; the 
palwontol(»gical are of course unquestionable, but the existence in both 
cases of an unfossilifcrous sandstone below the limestone, and the assertcfl 
neighbourhood in both cases of a great south-west fault, will not 
appear of much value to a geologist when he learns that the twon local- 
ities are 1,500 miles from each other. It is a pity that Dr. Martin 
Duncan does not explain more clearly what he meant by tbe great south- 
west fault It is pmbable that be refers to a remark of M. Elk* de 
Beaumont's, in the ' Systemes des montagnes,' (^) that the direction of the 
south-^ast coast of AiAia is parallel to a prolongation on a great circle of 
tbe Vindhyan range on the Nerbudda. These defects in the geological 
portion of the pa|ier in no way detract from its paluMHuiological importance. 

2. Countries south of the Nerbudda valley, Baitoul, 
Berar, &c. 

Dr. Voysey is the earliest writer who described any portion of Berar. 

His paper On some petrified shells found in tbe 

VoyiiWf 1888. 

Gawilgurh range of hills in April 1823'' is pub- 
liAed in tbe XVlIlth Volume of the Asiatic Researches, p. 187. In 
this paper he gives a general account of the characters presented by tbe 
Gawilgurh range, and describes the trap rocks of which it is composed. 
As usual in papers of the period when Voysey wrote, mudh of the npnee 


(a). VoL XXX, p. 840. 
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is occupied by mineralogical detailsi while the really important diacoveiy 
of the 'petrified shells' receives less notica They were found on the 
south side of the Taptee in the ascent to the table land near Jillan. The 
rock in which th^ occurred is far more carefully described than the shells 
themselves, which are referred to the genera Conus and Valuta, incorrectly 
however, the species being Physa PrinsepH and other freshwater forms. 

It is curious that if Voysey crossed the Taptee on the road from 
Baitool and Ellichpoor, as appears probable, he omitted to note the 
occurrence of metamorphic rocks and sandstone in the bed of the river. 

In the same volume of the Asiatic Bosearches {a) is a paper by Cap- 

, tain F. Jentl^s, entitled "An account of some 

Jenkmg, 1884. 

minelals collected at Nagpoor and its vicinity with 
remarks on the Oeology, &c., of that part of the country." He refers 
chiefly to the rocks occurring in the immediate neighbourhood of Nag- 
poor, but some of the specimens described came from Chindwara, and, 
in connection with them, reference is made to the extension of granitic 
rocks to Baitool, and of the trap beyond Baitool in the Asseergnrh and 
Oawilgurh hills. 

The next paper on this region is " A sumiAiy description of the 
country between Hoshungabad on the Nerbudda 

Finnis, 1834. 

and Nagpoor" by Lieutenant John Fincis, pub- 
lished in the Journal of the Asiatic Society of Bengal (5). This paper 
has already been referred to by Mr. J. O. Medlicott. It is little more 
than a list of specimens of rocks collected on the road, with the details 
of the localities whence they were derived, but so far as its scope admits^ 
it gives a good account of the section of country traversed. 

Dr. W. H. Bradley published in the Transactions of the Bombay 

Geographical Society (c) " Some account of the to- 
Bradlev 1846. « * 

pography and climate of Chiculdah rituated on 

the table land of the Qawil range." In this a very good description of 


Finnis, 1834. 


Bradley, 1845. 


(4 VoL XVUI, p. 1. p. 196. (6). Vol. Ill, p. 71. (4 Vol. Vll, p, 107. 

cm ) 
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Hidap»1855. 


the hills sroand Chiculdah is given : the trap of which they are chiefly 
formed is described, and the occurrence of sandstone and limestone un- 
derlj-ing the trap is noticed and commented upon. Dr. Bradley also 
describes the occurrence of fossils in the trap of Shape Gbit near EUich- 
poor, the name of which pass, he suggests, may be derived from the native 
word sepe (or rather sipi), a shell. He enters at some length into the 
question of the origin of the traps which he considers probably sub- 
marine. Hie greater portion of the paper is not geological. 

The Beverend S. liislop, in his various papers on the geology of the 
Nagpoor counti^', has occasionally referred to the 
neighbourhood of Ellichpoor and Baitool. The 
former station he visited on a mission tour in cximpany with Mr. Hunter. 
But no detailed description is given by him of any portion of the 
present area. ^ 

Other papers, besides Mr. Hislop’s, referring to neighbouring tracts 
of country, such as the Deccan and Southern Berar, serve to illustrate 
the geology of this area. Such are the well known papers of Dr. MaU 
colmson and Colonel Sykes in the Transactions of the Geological Society. 
But these do not iflbr to any portion of the country included in the 
present map. 

3. Eastern Gnzerat, including Rajpeepla. 

One of the earliest geological notices on any part of India is an 
account by Mr. J. Copeland of the Cornelian 
mines in the neighbourhood of Broach. This 
paper, which was publbhed as long as 1815 in the transactions of the 
Literary Society of Bombay (a) the predecessor of the present Bombay 
Branch of the Royal Asiatic Society gave an account of a visit from 
Broach to the agate mines near Ruttunpoor. The description of the 
mines and of the method of preparing the pebbles is excellent and 


Oo|idttid,1816. 


(•). Vol. 1. p. 880. The paper appeen alM to hare been feat tolhs CMoeical Soeietj 
of London ; a nolioe of It sppean in GooL Tnuis., Vol. IV, p. 
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precisely applicable to both at the present time^ probably the same may 
have been the case for the last two thousand years or more. The 
geological portion of the paper^ however^ is not of much value. 
Mr. Copeland thought that the sandstone hill near Ruttunpoor was of 
volcanic origin, and the following sentence is rather amusing : '' We were 
informed that the fire damp (hydrogen gas) {a) was not uncommon in the 
mines^ and that the miners did not descend till the sun had risen sufil- 
dently to dispel the vapours." 

The next observer in this country appears to have been Dr. Lushj 
who published " Geological Notes on the Northern 

liUBh, 1886 . , „ . « 

Concan and % small portion of Guzerat and 
Kattywar" in the Journal* of the Asiatic Society of Bengal (&). He 
started from Bombay and appears to have travelled by Damaun and Bulsar 
to Surat and Broach ; he visited the agate mines^ and thence went to 
Kathiawar. In the southern part of the country traversed he noticed 
strata of sandstone containing shells and resting upon the trap (these beds 
are identified by Carter with the sub-recent shell-concrete of Bombay). 
Dr. Lush states that the trap of the coast only extends to Bulsar and 
Gundavee, and he evidently believed that the ftajpeepla hills were 
entirely formed of the same sandstone as is seen on the Kiem and at 
the Cornelian mines near Broach. (This sandstone in reality only skirts 
the hills). In describing the sandstone and conglomerate of Ruttunpoor 
he is quite right in correcting Mr. Copeland^s statement of the volcanic 
nature of Bawa Gorea hillj which, as he rightly says^ does not contain a 
trace of trap, but he is in error in supposing the gravels from which the 
agates (or cornelians) are procured to belong to higher beds than these 
conglomerates and sandstones. He remarks the absence of trap pebbles in 
the conglomerates of Guzerat and Kathiawar. Malcolmson subsequently, 
in the paper already referred to, especially speaks of their occurrence. 
The fact is that they are undoubtedly extremely rare, but they do 

(a). Sic incrig. (&). Vul. V, p. 761. 
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ocoasionally occur aud in very large numbers in particular beds near 
the base of the aeries. Maloolmson's notice of their occurrence at Perim 
has not been confirmed^ but it is not likely that bo good an observer was 
mistaken^ and it is not at all improbable that they exist. Dr. Lush^i 
conclusion that the trap is of later date than the conglomerates is quite 
untenable. On the contrary^ the constituent materials of the latter appear 
to have been mainly derived from the waste of the former. 

Dr. Lush ap]x^rR, by Lieutenant FuDjames’s aeciaiut^ to have been 
the first discoverer of the ossiferouh bods of Perim Island (/?} in the (rulf 
of Cambay. He gives a very brief but accurate doscTijition of the rocks 
of the islandi especially mentioning their horizontality, in >\liich he is 
oorreci^ while later observers, who have supi>oscd the beds to l>e disturbed^ 
are mistaken, having been misled by tlieir irngular biilding. 

About this time the rocks of Perim appear to have at trailed con- 
siderable attention. The> wort* ilescrilK‘J by Lieute- 

Folljaiiici. 1886. „ . , » “ , . , . . « - 

nant 1 ulijame^ in the Journal ol the Asiatic Soc'icty 

of Bengal, (d) bis description being accompanied by a note from Baron 

Hugcl on some of tlic fossil Ixmes, a numlicr of 

Bagel. 1886. % 

which were presented by Lieutenant Fulljamcs to 
the Society. A fuller account of the geological formations of the island 
was given by Lieutenant Ethersey in the transac- 

Ethenwy, 1888. 

lions of the Bombay Geographical Society (e). 

Nidwlfon, iMi. description is good. Again, Dr. Nicholson, (d) 

six years later, descrilied the topography of the island, its rocks, the 
mode of occunence of the fossils, &e., in a paper accompanied by maps 
and a section. Some remarks by Mr. J. Grant Lumsden were included 
in Dr. Nicholson^s paper. Lastly, Dr. Falconer, 

VbleOBor 1844. 

* in the Quarterly Journal of the Geological Society 

of London, (r) described the more remarkable fossils found, m.. 


Eagel 1886. 


Ethersfy. 1888. 
Nicliolion,lM4. 


Heoiier,1844. 


(a). Not to be oonfoonded with the eUU better known kiUind of the eamo name in the 
Bed Ben. (4). Vol. V, p. 289. (e). Vol. II, p. 66. 

(d) Jonraal, Bombny Bnndi Boy. As. Soc., Vol I, p 10. (e). YoL 1, p. 866. 
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portions of jaws and vertebrsB of Oiraffe, Linothennm and of a 
new mammalian genus allied to the Sivatherium^ which he called 
Bramaiherium. 

Meantime but little had been added to the knowledge of the geo- 
logy of Eastern Ouzerat. Fulljames^in 1838^ (a) described a visit, made in 
1882, to the Cornelian mines so often mentioned, but his observations add 
nothbg to those of Copeland and Lush. There is a notice in the 
Journal of the Bombay Branch Boyal Asiatic Society {p) of the present« 
ation to the Society by Dr. Malcolmson of a 

Malcolinflon, 1844. 

siliclfied palm irp^, and of the lower jaw of a 
Mastodon discovered at Peermoeb^ near Bro;ich. They were found, it 
is said, in a marine tc.^tiary conglomerate. If this be correct, the 
discovery is very interesting, as proving the existence near Broach of a 
series of rocks higher than the nummulitics. 

Dr. Malcolmson^s untimely death in 1841' prevented his observations 
on the Geology of Guzerat from becoming known, and his notes and paper 
appear to have been lost. Dr. Carter, in his ' Sum- 

CttrtGr. 1854* 

mary of the Geology of India, ^ {c) first called at- 
tention to the existence of nummulitic limestone in the western 
portion of the llajpeepla hills. The localities are in fact west of 
the hills, though within the territory of Bajpeepla. In Ihe notes 
to the 2nd edition of this ' Summary' published in the * Geological 
Papers on Western India' {d) some additional details ore given. 
Dr. Carter looked upon the conglomerate of Buttunpoor as a probable 
representative of the Perim beds and as being an old beach, chiefly 
formed of rounded flints from the amygdaloidal rocks. With regard 
to the origin of the agates he is unquestionably correct : the relation 
of the conglomerates of Buttunpoor to those of Perim, however, is 
still undetermined. 

(a). Fuiyamee, 1888, Trans. Bomb. Goog. Soc., 11, 74. (6). Vol. 1, p. 866. 

(•). Jour. Bom. Br. B, A. S.. Vol. V, p. 248. (rf). F. 696. 
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Dr. Baist published in the transactions of the Oeog^phical Society 
of Bombay (s) ** Notes on a joum^ through parts 

Boift, ISSSi , 

of Kathiawar and Guzerat/’ These treat of various 
matters of interest, some of them being geological, and including some 
remarks on Perim Island, and on the alluvial deposits of the plains of 
Surat and Broach, which Dr. Buist looks upon as of marine origin. He 
is inclined to dispute the assertion that the Gulf of Cambay is silting 
up, and considers that the land has risen, and that there is evidence of 
two distinct rises near Surat. 

Dr. Carter, in 1857, published in the Joiinial of the Asiatic Society 
of Bombay (6) some additional details as to the 

Oirtwr, 18S7. 

Do. 1S61. locality and species of the nummnlitcs obtained by 

Hoaon,l 861 . 

Major Fulljames at Wasna, not far from Broach. 
In 1 861 he gave further particulars (c) sho^^nng that a similar discoaery had 
been made by Dr. Maleolmson, and announcing other fossil localities of 
which an account was given by Mr. Rogers. (^) This gi*ntleman met unth 
nummulitic limestone in sifu at Turkesur about 20 miles north-(*ast of Surat, 
and at Bhadee, 12 miles further north, and thus showed that the rocks 
of the eocene period must l>c considerably devclojied in Eastern Guzerat. 

Before closing this portion of the subject it may be useful to call 
Oeoloaicd qacitionf attention to a few geological questions which re- 
mained for determination at the commencement 
of the present survey and the importance of which 


had been recognized. 

L — ^Although the existence of nummulitic beds had been demon- 
strated near Surat and Broach, no attempt had been made, so far as 
appears from the published data, to ascertain their relations to the traps. 
To this question Dr. Carter especially directed attention, (e) as also to the 
connection between them and the agate-conglomerates of Buttunpoor* 


<a). \6L XIII. p. 11. (&). Vol. V. I,. 6S4. (r). 1. c. Vol. VI, p. 168. 

(<i). IMd. Vol. VI, p. 164. (f). Jour. Dorn. Dr. U. A. 8., Vol. VI, p. 16S. 
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II. — ^The same want of information existed as to the reladons of the 
cretaceous rocks of Bag^h to the traps. As the traps, had already^ by 
several writers^ been classed with the older tertiaries^ chiefly upon palason- 
tological evidence^ there was here, in the known co-existence of rocks 
both of older tertiary and of cretaceous age, with the traps, within a 
comparatively limited area, a probable test of the accuracy of that opinion. 

III. — Another important matter was to endeavour, if possible, to 
ascertain some connexion between the Bagh cretaceous rocks and the several 
great sandstone groups of the Nerbudda valley, described in Mr. Medlicott^s 
report as Mahadeva, Lameta, Damuda, &c., but which, from the rarity 
of fossils, and the almost complete f^sence of remains of animals, it had 
been impossible to assign w ith certainty to their true geological horizons. 

These were the most pressing questions, but a host of less prominent, 
though scarcely less important, matters also called for enquiiy. Amongst 
these were the mode of eruption, source and nature of the traps, the posi- 
tion of the intertrappeans, the nature and origin of the alluvium of the 
river valleys, and of the low ground at Guzerat, the western extension of 
the Yindhyan system, the relations of the peculiar rocks found in the 
Nerbudda, west of Hurda, to the Vindhyans, &c. 

In a previous paper in these Memoirs {a) the principal questions re- 
lating to the traps themselves have been treated ; the solution o^ the re- 
maining difficulties, so far as they have hitherto been elucidated, will be 
found below. 

Chaptbe 3. — Physical Geography and its relation to the Geology. 

The whole of Western and Central India from Malwa to Belgaum 
may be looked upon as a great table land of 

Cbmeten of Contrnl 

and Western India goner- horizontal, or nearly horizontal, beds of trap, into 
ally. , * 

which a few deep valleys have been out. In the 
latter, in places, intertrappean beds are exposed, while to the west, the 


(«). Vol. VI, p. 187. 


( 188 ) 




W. DL\KrORD, WBSTBRK INDIA. 


[Part L 


beds of the table land have, in former timea, been cut away by the sea,* 
as is attested by the old range of cliffs now known as the Western 
Ghftts. Further to the westward, along the present coast, the traps 
dip towards the sea, and higher rocks of tertiary age commence to 
appear near Sunt at a low level. To the north-west of Chota Oodipoor 
and Banida, the volcanic rocks have been entirely removed by denu- 
dation, and the country is hilly and irregular, but being of a 
lower general elevation, the valleys are less deep than in the trap 


The slope of the table land to the eastward ; the whole drainage 
Dircedan of Malwa and Deccan plateaus without cx- 

ception running to the Bay of Bengal. But, from 
ont of the heart of the plateau, valleys ore cut by the Taptec and 
Ncibndda, two rivers which rank amongst the great streams of tho 
Peninsula, and which flow in the opimsitc dinK*tion, viz., to the west. 
From the very verge of the clilFs which overhang the valleys of these 
riven, both to the north in Malwa, and to the south in the Deccan, 
streams run to the Ganges or to the Godavery. 

This is not the only peculiatily of the TapU>c and Nerbudda vallc}’8. 

Their most n*markablc feature, i>crhapft, is the 

AllarmI pliiiui in Nit- 

bodda uid Ta]iu-« val- cxisicnoe of the great alluvial plains which 
they traverse, and from which they emerge by 
rocky gorges. The great and fertile plain of the Nerbudda, one of the 
richest agricultural tracts in India, extends from Jubbulpoor to heyond 
Hosbangabad, and has already been deseribed by Mr. J. G. Mcdlicoltand 
Mr. Theobald in the 2nd Volume of these Memoirs. A smaller and 


ksB wdl marked plain, on which the alluvial dcftosit is thinner and less 
nnifbnnly qiread, extends from Burwai to the neighbourhood of Bnrwa- 
nee. In the Taptee vallqr there are two great alluvial plains, that of 
Berar opon the Pooma, the principal tributary of the Taptee, and that of 


• Thw inlscct will be mon toil} dMc n wed further on under tbe heed of dcondstioD. 
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Khandeish on the Taptee itself, below the junction of the Poorna. Both 
of thesOi though the Urst is far broader in proportion to its length than 
the Nerbudda plains, are remarkably similar in their general features. 

Hripht of idiuiu .w approximate to the same general 

**** **** height above the sea, viz., about 1,000 feet; those 

further up the rivers being, of course, higher than those lower down, bat 
still the difference is small compared with what takes place below them. 
Thus the height of the great Nerbudda plain is about 1,200 feet above 
Nursing^toor, and thenf^e falls to 950 feet near Hurda ; the lower plain 
near Mundlaisur is about 700 feet above the sea. The Berar plain is 
from SOO to 900 feet, the Ehandeisb plain, at iti* upper portion, about 
700 to 750. The alluvial flats on the Wurda river, above Kowta, are 
similarly very nearly 900 feet above the sea, and the plain in the valleys 
of the Wein Gunga and its tributaries near Nagpoor are of the same 
height.* 

The Berar and Khandeish plains join by a narrow neck, and there 
is but a slight fall in the river between them. 

River aorg(*8. 

but from all other plains the rivers emerge 
through rocky gorges in which the fall is great. This is the case with 
the Taptee, through the trap hills of Rajpecpla, below Eookurmoonda, 
and with the Nerbudda below Hoshungabad, through the metamorphic 
and Vindhyan rocks of the Dhar forest, and again 

Hiiriii PsL 

below Burwanee at the Hurin Pal, through the 
traps of the Buswanee and Mutwar hills. 

All of these great plains, also, are surrounded, more or less com- 
pletely, by mural escarpments, the most northern 

If uni toupi. southern of which are the edges of the table 

lands alieady mentioned. There are some veiy peculiar features con- 
nected with these escarpments. Before quitting the subject of the 
physical geography of the Nerbudda and Taptee valleys, it will be well 


Hurin PaL 


Ifunlaoupi. 


* Uy data an chiefly the Roilwa} Sections. 
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brieflj to describe the features of the dividiog range of hills which 
intervenes lietweeii them. 

This range, known under various names, the most widdy applied 

F«itan. of 8.t|ioo« ’^*“**‘ appear* to be the Setpoora * is weU 
defined to the westward, and from Bajpeepla 
to Asaeergurh consists of a belt of mountainous country 40 or 50 
miles in breadth, and of an average height, at the crest of the 
chain, but little under £,000 feet above the sea, while many peaks 
rise above 3,000, and some, and even some small table lands as 
Tourun Mull, arc as high as 4, 0(^0 feet Nearly the whole of this range, 
both hills and valleys, consists of trap, but towards the west, along the 
northern boundary of Khandeish, a series of cragg}’ peaks are met with 
such as are but rarely seen in the trap region. Elsewhere, the summit 
of the range is more or less a table laud. J ust east of Asseergurh the^' is 
a break in the range, through which the railway from Bombay and Khun- 
deish to Jubbul[ioor passes, the highest part of which is only 1,240 feet. 
It is worthy of notice that this break leads from close to the junction of 
the two adluvial plains on the Taptcc and Pooma to a flat tract lying 
between the two Nerbudda plains. East of this break the trap hills 
oontinne till sooth of Hoshungabad, where sandstone and metamorpkic 
rooks emerge, and form a great portion of the bills of the Puch- 
morry and Baitool countiy. There b a table land of considerable extent 
aronnd Baitool, which extends far to the eastward lieyond Chiodwara and 
Seonee, and joins the high plateau of Umurkuntnk. Upon thb plateau 
trap still predominates, and a great spur from it extends between the 
Taptee and Poorna, forming the northern boundary of Berar, as far as 
the oonfloenoe of thoee rivers. Thb range is abo of considerable height, 
in pboes nearly 4,000 feet ; like most other ranges it has no definite name 
and is generally looked upon as a portion of the Satpoora. The only 
distinctive term ever applied to it appears to be that used by Voysey, vb.. 


• Properly tlie Setpoora or leven rangei oompriaei leveial other hiU-ctaaina^-ihe Syhadroe, 
Vindbya, ke. 
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the Giwil or G«wilgxirh hills^ which name will be employed to denote 
the range whenever it is necessary to refer to it in the present Memoir. 

Along the extreme western portion of the map, and bordering the 

AlhrUiddiiafOiiient 8ea in Guzerat, there ifl also a rather broad tiBCt of 
MM^naar Swat and alluvium due probably to deposits from the waters 

of the great rivers Taptee, Nerbudda, and Mhye, 
and closely resembling the inland plains in character. It diminishes 
rapidly in breadth south of the Taptee, and, near Bulsar, the Western 
Ghftts, or more properly, the Syhadrec range, may be said to commence at 

Jim imngei north east north-west comer of the Deccan plateau. High 

of BnJiar. ranges, however, stretch thence to the northward, 

and intervene between the flat ground of Khandeish and that of 
Surat. Between the Taptee and Nerbudda the western-most spurs of the 
Satpoora range, there known as the Hajpeepla hills, sink gradually towards 

Hills north of the plain to the westward. North of the Ncrbudda, 
Nerbudda. already mentioned, the hills are in general of 

no great height to the west ; the only exceptions being the isolated trap 
mass of Powagurh, which rising to upwards of 2,000 feet from the plains 
forms a most striking feature in the landscape near Baroda. 

It will also tend to facilitate the understanding of the following 

ChmetenofNffbndd. P*?*® P«>cee<iing to other subjects, a 

and Taptee valleye. ygyy brief description of the leading physical fea- 

tures of the Nerbudda and Taptee valleys within the limits of the accom- 
panying maps be^ given. 

The great alluvial Nerbudda plain extends along the river for 

AlioTial plain of Ho- 50 miles* west of Hoshungabad, being much 

ihongabad. broader to the south than to the north of the 

river. Near Hindia the Nerbudda enters a more rocky country, covered 
with jungle, hat in which the few hills which occur are still low, while 


• All theta dietances are meaenred in a atmight line and not along the windinge of tha 
river, which would fteqnently double them. 
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llwidlMcar pUun. 


to tlie 80 oth| twaj from the ri?er^ theallavial plaio extends for a consider* 
able distsDoe to the westward in the direction of Charwa. From Hindia 
to the mouth of the Chota Tawa river close to Chandgurh the rocks in 
the river bed are principally metaroorphics; then the Nerbndda enters a 
tract of Vindhyan* sandstones^ and runs between hills of considerable 
height for about 30 miles. The valley here, north of Poonassa, is chiefly 
occupied by Vindhyan and Bijawur rocks ; it is a wild hilly tract, com- 
pletely covered with jungle, and almost uninhabited, belonging to the 
principality of Dhar, and sometimes known as the 

Dbir foNct. 

Dhar forest, a convenient term, which it will be 
well to use in speaking of it. The river emerges from this rocky and 
jungly wilderness at Burwai, and thence flovrs 

plain. 

past Mundlaisur and Burwanee for about 00 miles 
through an open plain, alluvial in parts and cultivated. Inothe 
western part of this open tract is the town of Bagh, and from that town 
to the westward al»out Rajpoor and Oodi|)oor, the 

Hslli countrT 

countrj' for the most part is gently undulating with 
scattered rises of no great size, while the river enters, at the Hurin Pal, 
a narrow gorge l>etween high trap hills, which it traverses for between 
70 and 80 miles, until it again emerges a little east of Nandode in an 
open alluvial plain, through which it runs past Broach to the sea. 

The Taptee rises near Mooltye in the trap plateau, south-east of 

Baitool, and traverses the table land for a few 

Taptae vallcj. n 1 1 i • ‘ r 

miles, when it falls suddenly ipto a deep gorge, 

in which, eouth-west of Baitool, rocks underlying the traps are exposed. 
This gorge gradually opens, but the river flows between hills of con- 
siderable height as far as Mel gh&t, and between lower hills, but still in 
a narrow vallqr, to Boorfaanpoor. Here the valley widens into an alluvial 
flat, which soon extends into the great plain of KhandeiBh. About 
20 miles below Boorhanpoor the Taptee receives from the couth the 


Balh eonntrv 


Taptae vallej. 


* Theaa farmaliciiia will be daacribad bekm. 
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Pooma, the whole course of which has been through the great Berar 
plain. The Taptee leaves the Khaudeish plain a few milea below 
Kookurmoonda, and for 60 miles passes through the hilly country of 
Wajpoor and Mandvee ; below the town of Mandvee it leaves the hiUa^ 
and runs thence through the alluvial plain of Surat to the sea. 


Chapter 4. — List of Formations. 

The formations which will be described in the following pages may 
be classed under the following heads ; the groups being enumerated in 
descending order in this case^ although in the description of each group 
the reverse plan will be adopted : — 

9. Newer forms of alluvium and surface soil 
( 8. Alluvial deposits of rivers and of the sea 

J coast in Guzerat. 

j 7. Older tertiary beds, including the Num- 

V mulitics. 

f 6. Deccan and Malwa traps. 

\ fa) Intertrappeans. 

V 5. Bagh beds and Mahadeva group, 

f 4. Vindhyan series. 

J S. Bijawur series, 

j 2. Champaneer beds. 

V 1. Metamorphic series. 

None of these names, except that of the Champaneer group, are new. 
All the others have been employed before in these Memoirs, and when- 
'ever it appears necessary, the reasons for adopting them in the present 
instance will be specified in each case, and the nameC hampaneer group 
will be explained in the section relating to those beds. In classing 
together the four lowest series as Azoic, it is intended solely to employ 
a term which, while expressing the fact that all have hitherto proved' 
unfossiliferous, leaves the question of their geological horiaon quite open. 

( 189 ) 
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Chaftbr 5. — Metamoephic Seruds. 


The Bret occupied hj the virioas forms of metamorphio rocks, oom- 
prisinff mnitc, svenite, meiss, homblend-schist, 

IWtt om'pisd bjr . o 

oTiulliiie roclu. quartzite and other crystalline fonnatioDS, is con- 

siderable, and consists mainly of three larg^ detached tracts : 1, around 
Baitool; 2, urest of Uurda, Nimawur and Hindia ; S, west of Bagh, 
comprising a considerable portion of Alleerajpoor and Chota Oodipoor. 
Besides these principal tracts, small outliers are exposed in several 
plaoeB. 

Each of the three areRS, as laid down upon the map, is but a por- 

BmR tTMt % portion ® extensive region occupied by the 

ofnaomcAteniiTcninn. crystalline rocks. From near Baitool they extend 

iar to the eastward beyond Chindwara; the exposure near Hurda is 
bnt a portion of the great spread of metamorphics underlying^ the 
alluvium of the Nerbudda valley, while the surface of the country is 
continuously occupied in great measure by tiiese beds from near Bagh to 
bqrond Aboo and Neemueb, a very large portion of Rojpootana being 
covered by them. 

It is erident that, as the tracts comprised in the districts to which 

Wmtf. dMcriptioDiu. ***" Memoir refers are merely portions, and small 
unmnry. portions, of extensive areas of the same forma- 

tions, all general deacriptiona of the rocks included may beat be deferred 
until those areas have been examined. The examination, moreover, of 
the cr}*8talline rocks on the map now published was of the most cursory 
description, the principal object being merely to determine the abaence 
ol other formations. It is only necessary now to point oat the peeuli^ 
aritiea of the small portions which have been surveyed. For this pur- 
pose each tract requires a few remarks in detaiL 

1. Baitool metamorphic tract. 

To the south this is bounded by the traps a few miles from 
Baitool; to the north it is cov^ed on its edges by the Tslehir 
(WO ) 
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Hnd Damuda formatioDs of the Tawa valley. It extends to the 
^t for about 80 miles from Baitool^ the crystalline rocks bein^ 
exposed irregularly in the valleys, whilst the hills are capped by 
sandstone and trap. Its eastern extension has not yet been surveyed. 

A large portion of this area consists of highly granitoid rock ; indeed 
in a portion of it the existence of granite is mentioned by Mr. J. O. 
Medlicott in his report and indicated on his map. But he remarks on 
the indistinctness of the boundaries and on the difficulty of separating 
the granitoid from the gneissoid varieties. 

The examination of the small tract around Baitool which is com- 
prised in the map, was so hurried that the general direction of the folia- 
tion can only be approximately inferred. It appeared to be nearly the 
same as in the Nerbudda valley to the noi*th, about east-north-east to 
west-south-west. 

About 80 miles south -south -east of Baitool at the south base of the 

Small p.tch of mrta. Gawilgurh range of hills, a very small exposure of 
morpbici near Saibuidee. metamorphio rocks occurs close to the village of 

Salbuldee. The beds are only traced for a mile or two and appear not to 
exceed a few hundred feet in breadth. 

2. Hurda and Nimawur metamorphio tract. 

This also is of no great extent. To the east it is covered by 

♦ 

the gravels and clays of the Nerbudda valley, to the north and 
south by trap, to the west by the Vindhyans. A considerable por- 
tion of the intervening area even is occupied by the series next to be 
described. 

A large proportion of the rocks are, here also, highly granitoid. The 
general strike is east-north-east— ‘West-south-west, and the dip in general 
nearly vertical. 

Two small exposures of granitoid rook were met with in the Dhar 

flniU ezposoNi in ^ village of Mirzapoor, the 

Dhar fbroit. otliey a few miles further west. 


( 191 ) 
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Several inlicrB of meUmorphic rocks anociated with Bijawors and 
cretaceous sandsttones are met with east of Bagfa. They are surrounded 
on all sides by trap. 

8. Alleerajpoor and Chota Oodipoor tract. 

This is a far more extensive and important region than the other 

two. 


About Bagh the trap, which to the east covers the surface of the 
Nerbodda valley, has been cut away by denudation, and the underlying 
metamorphic rm^ks come to the surface. Along the Nerbudda itself 
and its immediate neighbourhood the traps ^till continue to the west- 
ward, but owing to their southerly dip, the metamorphics crop out 
from beneath them a few miles north of the river : the south boundary 
of the metamorphics running nearly east and west for 70 or 80 miles. 
It then turns slightly south, and soon after is lost beneath the alluvium 
of Ouzerat, east of Baroda. 

To the north-west only a few outliers of trap are met with, the 
ExtawioniotheDorth. Country being believed to Ik? mainly composed of 
metamorphic rocks ; it has, however, not yet been 
surveyed, and almost all that i.s known of it is to be gathered from the 
papers of Dangerfield, Fraser, and one or two other observers. 

The metamorphic rocks of this region have a different general folia- 
tion-strike from that observed farther east. It 
is extremely constant throughout a considerable 
tract as nsoal. Except to the west and near the sonUiem boundary in 
places, it rarely varies much from north-west to south-east, its extreme 
limits heiug usually east-south-east and south-south-east to west- 
north-west and north-north-west, and it is constantly nearly vertical. 
In very Urge tracts the rook is so excessively granitoid that no foliation 
gimitk ^ ^ ooeasionally in the midst of a 

into giMMBc rock. highly granitoid traet a well foliated bed of 

limestone or horablendic rode may be detected. This occasional 

( ) 
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ezisteooe of foliation amongst the granites^ the circnmstanoe that no 
general distinction can be drawn between true granites and the 
more crystalline forms of the gneiss^ the lamination of which proves 
its metamorphic origin^ and the arrangement of the granite in lamellar 
masses, constantly parallel to the gneissoid foliation, tend to show 
that the distinction between the two is apparent rather than real, and 
that the granite is an original constituent of the crystalline rocks and 
not intrusive, but that in the course of metamorphism it has imdergone 
greater alteration than the gneissose rock, and crystallization has become 
developed to so great an extent as to obliterate foliation. In treating of 
the Bijawur and Champaneer beds it will be necessary to show the 
raa^cM of Bijawiir manner in which they appear to pass into the 

Hud Cuamimnepr hmn ^ t 

iuu» inctauion>bic rocks. gneiss, and the connection of the metamorphic 
foliation with the lines of cleavage will best be illustrated in the course 
of the same discussion. 

Foliation of the gneiee . — All observers of the metamorphic rocks of 
^ . Bengal, so far as I am aware, have considered the 

foiution of Bcni^ai jriieiM foliation of those beds to be in the planes of original 

to W in tilt* jilaiies of o 

original bedding. bedding. The reason for so doing is that the mineral 

distinctions in the rocks, as between gneiss, bornblend-schist, and quartzite, 
(distinctions which involve a difference of chemical constitution, and 
which ma} , with fair probability, be referred to original differences in the 
materials composing the sedimentary rocks now metamorphosed), appear 
to take place along lines coinciding with those of the foliation. This 
is apparent also on a very small scale : it is no uncommon circumstance to 
see, within the breadth of a foot or two, successions of lamine, qnartzose, 
hornblendic, micaceous or felspathic, each of which may be traced for 
some yards. All appear to be lenticular, but the same is usually the 
case with fine alternations of different kinds of sediment amongst rooks 
of aqueous origin. 


( 188 ) 




It, of coniw, bj no mean* follows that the tame oaose has influenoed 
the direction of the foliation planes in Bengal and in the Nerbndda vall^. 
The sulgeet still requires some farther study, and rather with the object 


of promoting such, than to express a strong opinion, it is well to point out 
GicuiMtMMi which * fewcircumstanoes which, in the Nerbudda ealley, 
Keihaddl towards Showing that the gneiss foliation 

there originated, not in bedding, but in cleavage. 
It has been already remarked that both the strike and dip of the 


BemarkAble convUiiry 
of utrike and dip 
foliotaoo. 


Umination ia the metamorphic rocks of the Ner- 
budda are remarkably constant over lar^ areas. 
Both near Baitool and about Hurda and Nimawur 


the strike rarely diverges much from east-north-east to west-south-westy 
while in the large tract between Chota Oodipoor and Bagh, it is equally 
constant to a north-west — south-east, direction. In both cases it is^^ene- 
lally vertical, and rarely dips at a lower angle than 70°. Nor is the 
constancy of the strike and dip by any means confined to the small area 
about Hurda, for the same is shown in Mr. J. G. Medlicott's map 
throughout the Nerbudda valley as far as Jubbulpoor, and in a MS. 
report by Mr. Mallet, on the country between Jubbulpoor and Burwai, 
the following sentence occurs : The strike of foliation is pretty 
constant throughout the gneissic area, very seldom exceeding the limits 
of east and north-east ; the osual strike is east 10°-25° north, the foliation 
being, where observable, always close to vertical. I observed a single 
doubtful exception ^ * * * * , The bandi of Imeikme and of icAini 
innariablf lie parallel with the foliation/* 

To the italicized portion reference will be made presently ; the 
remark is important, because Mr. Mallet's work was entirely independent 
of that which forms the snbject of this report, althongh he examined a 
portion of the tame gronnd. The same remarks would not apply to the 
metamorphic rocks in all parte of India. 

( IM) 
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Not only is the strike thus singularly constant^ but to it are parallel 
all the great features of the country, the hill 

l^trnllelism of gr>^t 

fettling of the country ranges, many of the trap dykes and all the prin- 
to the foliation-strike. • i i jt 

cipal faults.'^ Even the line of the Nerbudda valley 

itself is in the same direction. It is a curious circumstance moreover 

that this v|lley loses its peculiarly defined outline on the north side, and 

the scarp, which stretches almost uninterruptedly from north of the Sone 

and Nerbudda valleys near Sasseram in the valley of the Ganges to Bagh, 

ends at the spot where the direction of the gneiss lamination changes* 

Now, bearing m mind the persistent verticality of the gneiss, this 

constancy of strike would be a most abnormal dr- 

im^ii^foiiathm cumstaucc if the foliation were in the original 

liloncs of lieddiug. p\anes of the bedding. It would show that while 

the rocks had undergone such enormous disturbance that their originally 
horizontal beds had become vertical, that disturbance had nevertheless 
been so regular that their strike had never altered. This is certainly 
not usually the case with rocks which have undergone great disturb- 
ance. As a general rule, their direction is far from regular, and their 
dip in the lost degree variable. 

On the other hand, the constancy of the strike and the persistency of 
the high dip are characteristic properties of cleavage. 

(luirnctors of dip and 

atrik*' of fiiiintiou tUoao The exceptions to the ruling direction are not more 

o< plancv of cleavage. , «... 

numerous than might fairly be expected to have 
arisen from the subsequent disturbance which has affected the region, and 
evidence, of which is found in the Yindhyan and other later formations. 
This, however, is only one argument in favor of the foliation of the 
metamorphic rocks being due to cleavage. The 

l*larallpliani <tf gneiss , . — . . ^ . « 

foliation to oloavago of most unportant remains. It is the perfect paral- 
liijawon, lelism everywhere existing between the foliation of 

the gneiss and thi cleavage lamination of the Bijawur beds. 


• H(h« Mr. i. 0. Modlicotf. rqwri, and nmpjMunM; M. G. 8. L, Vol. II. 
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In the llurdi and Nimanror country the strike of the gneiss foliation 
is east north-east. In the Dhar forest the strike of the cleavage foliation 
of the Bijawor beds is the same. In the Bagh oonntiy the gneiss 
strikes nearly north-west— south-east^ so does the cleavage of the Bijawurs, 
and in the latter instance it must be borne in mind that this is distinct 
slaty cleavage, and that in one spot at least it was clearly seen^to cross the 
original bedding. Again, in the slates of the Cbampanecr lieds.the cleavage 
is west-north-west— east-south-east, not differing greatly from the north* 
west — gouth-east lamination of the Ruttiinmiil and Chota Oodipoor gneiss. 

At the same time evidence in favor of the original bedding of the 

rocks haring determined the direction of the foli- 
Kc«ine pninU in faror ot . , 

foliation W.ng in pUiiva ation ploDOS IS by no means wanting. Bands of 
uf anginal 

limestone and schist do, as stated by Mr. Mallet, 
most unquestionably coincide in direction with the foliation. Ii/* one 
instance especially, the band of limestone which stretches along the base 
of the hills south-east of lluttunmul and north of Cbandpoor, a l)and 
of great thickness, was traced for many miles, 10 or 12 at least, its 
direction throughout coinciding with that of the foliation observable in 
it. If this mass of limestone is not a bed, what can it be ? Bands of 
granitoid rock, vaiynng in mineral constitution, accompany it, and run 
pandlel to it throughout. And this is not an isolated phenomenon. If it 
were it would be simple to suppose that in this instance the original bed- 
ding and cleavage coincided ; but throughout the whole oountiy, similar 
cases in which bands of peculiar mineral composition i^n pafldlel to the 
line of strike are certainly the rule, although without closer survey, it is 
impossible to ssy whether exceptions occur. 

It is evident that much careful study must yet be devoted to these 
rodcs in the field before their history can be cleared from obscurity.'**' 

• etlj snggsitioii I am omks Is Uiat ths elesfigs wm doe to prete o fo setiog opem 
Boerly boruoatel beds, end whidi aromplsd them into awoTo-Uko §ana, ao that the atiike of 
the eoBfittaeot bada, tfana bait in ridgea like oomigated iioo, nsj eoiadde genmllj with 
tbai of the deoragi^ althoogfa the dlqp of the fomiw ia lower. 

( ) 
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Chaftbk 6. — Bdawto Sesibs. 

Besides the granitoid and gneissoid metamorphic ibimationSf there 
is another series of rocks largely developed in the 

Intennediatd in oba* 

ncter between metamor- westem Nerbudda Talley^ which while less crys- 
pbicB and Vindhyana. . , . . tin • ii 

talliDe than the gneissic^ and while occasionaliy 

showings scarcely any traces of alteration^ is nevertheless in general much 

more metamorphosed than the Vindhyans and other stratified rocks 

of newer age. This formation had never previously in the Nerbudda 

valley been distingoished clearly from the true gneissic metamorphics, 

although its characters were partly pointed out by Mr. J. O. MedUoott 

in Vof. II of these Memoirs. 

The rocks to which these remarks refer were first met with in the 
course of the present survey^ in the country between Nimawur and Chand- 
gurh. They were again recognised in the Dhar forest^ where they are 

Peoiilinr rocks com- c*P^sed over a large area, and they were subse- 
1’”^ qnently met with near Bagh and elsewhere. 

Two rocks^ composing no small portion of their mass, are indeed so 
peculiar and characteristic that it would be impossible to pass them over 
without notice. 

The first of these rocks is a very silicious limestone composed of 

Tmininni"^ ailicious alternating laminm of carbonate of lime and 

limestone. quartz, the lime generally predominating in 

amount. This rock has a distinctly bedded appearance, which, however, 
is fallacioi:^ for the regular succession of thin bands of quartz or lime- 
L«tn«ti(mii»tdueto **0“® simulate stratification are in reality 

'>®^<hng. Ijueg of lamination generally corresponding to origi- 

nal cleavage planes, and may be considered an incipient stage of gneissoid 
structure. This may be suspected (and was so) from the very great 
steadiness of dip and strike, tbe former at high angles, seen in these rocks. 
But far better evidence was obtained to prove that this structure was 
not due to the original planes of stratification. In some instances 

( ) 
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an on tilt* (''liota Tuwa river near iiii oonfluence with the Ncr- 
hutiilii, anti in the Kanyar river in the Dhar foreet, the laminn were 
fiaiiitl to W DO lon^r plane, but eoneentric around a nucIeuB, and nt^ar 
R.u:h the iKHldin^ n-aa in more than one caae traced aerom the direction 
of the lamination, the latter bein^ parallel to the cleavage seen in the 
Flatcs. 

Tlie other ruck i» equally striking. It is a maasivc breccia, the 
J««p«r err bamvtniM' matnx of homstone or jasjier generally more or 
less red in colour, and containing angular fragments 
of white quartzite, sometimes apparently arranged in regular strata, but 
traversed in every direction by cracks filltsl with the jas|»cr. 

Brecciation indeed is extremely common throughout all the lieds of 

PrcTmlmn of breccia- series. In places where the limt^stone and 

lion lu Bijawora. quartzite join, masses of each arc found CDu*1opcd 

by the other, ae though the whole had bei*n crushed and ground together. 
At the same time thire apjicars rca«*on for Udieving that the phenomenon 
is not confined to this series, but that it is oeeasionuliy manifested amongst 
the lower Ijeds of the overlying Vindhyans.* 

Besides these two kinds of rucks, sandstones, generally argillaceous 
Other kiucU of roil brecciatcd, frequently with irregular 

quarizose layers and concretions, slates of various 
kindf, schists, not, however, very distinctly crystallized though completely 
laminated, and quartzites, are all of more or less frequent occurrence. 
Clay slate alx>ttDds in these rocks near Bagfa. Traps also, dReh cleaved, 
but still bearing the appearance of interstratification with the other beds, 
are of occasional occurrenoe. 

s For tlii» olMMTTstMu 1 am iodrbtod to my coUtv^ma Mr. MaUft aa dalailad elaewhere. 
I had not mjirif cbarly traced the braodai in th<» Vindbyan bade, bat although 1 mw that 
wne hreemao, eapecially tboar near Andbari Bagb in the Dbar forert, ooold not cloarly be 
amignad to the Byawnn, 1 hentated to conmibT them Vindhyaaa. Mr. Mallet*a asplaaatioii 
of iheTawaand PoUaiue aectiona haa thorni tliat the Vindhyan bedi are piobah^ oooaaionally 
breodatad, and as ny obserrationa of matters of fact as vesordad is ny (laid notes coincide 
with Mr. MallcA^s, 1 think that he is right in this opinion. 

( IttS ) 
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On the north of the Vindhyan area, two great series of rocks were 
„ , , described by Mr. H. B. Medlicott in 1859 as in- 

Nerhuddfi valley beds 

Mentioai with typical tervening between the Vindhyans and the gneiss. 

B\)awun« 

Both of these, the Semri or sub-Eymore'*^ and 
the Bijawurs, contain breccias and limestones, and both have characters 
in common with the breccias, limestones and other associated rocks of 
the Nerbiidda. But quite recently, Mr. Mallet (who has for many years 
past been engaged upon the Vindhyan rocks and their associates in 
Bundelcund and the Sonc and Nerbudda vsdleys, and who has examined 
the rocks of Chandgurh, the Dhar forest, &;c.), has had an opportunity of 
re-examining Mr. Medlicott’s typical area, and has ascertained, ho 
believes without any ])ossibility of error, that the breccias and limestones 
of the Western Nerbudda are the equivalents of Mr. Medlicott^s 
Bijawur scries. This name therefore being that first applied as a dis- 
tinctive title io these rocks will be employed in describing them in the 
present reportf 

In the tract of country east of Chandgurh and the Little Tawa, 
these rocks have been entirely mapped and 

PlaccB where Bijnwure 

occur in Western Ner- separated from the metamorpbics by Mr. Mallet. 
hudUu vullcy. 

It is in the western pari of the area alone that 
their boundaries have been determined by the Bombay party of the 
Survey in detail. West of Chandgurh these rocks appear in the follow- 
ing places, all north of the Nerbudda 

1. In\bo Dhar forest, where they cover a veiy considerable area; 
metamorphics only being seen in two or three isolated exposures which 
are on the verge of the trap country to the north. 

2. Near Bnrwai, in the valley of the Chorul. This fidid of Bija- 
wuTS is only separated from the last by a strip of Vindhyans and trap. 

• Thtite an) now claaaed by Mr. Medlicott as a lower Bnb-divifion of the great 
Vindhyan Bcriea. 

t It is necessary to refer to my eoUeaguo’s nnpnblished reports to explain the nomenda- 
turo 1 have adopted* The eubjcct will be treated at length by Mr. Mallet. 


( iw ) 
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3. At Ba^h a |)evuliar triangular tract » occupied by this series. 

4. At Jobuty where a roundish patch occurs. The rocks here are 
perhaps less cbararteristic than elsewhere, but there appears little reason 
to doubt their belonging to the same series. 

In the Jobut patch alone was any association of pliitonic rocks re- 

Hei* in two cun frtM»itoid rock wu 
rocks tma ithax. found Msociatcd with the Bijuwun, in one case 

being distinctly intercalated in the beds. It is, however, worthy of notice 
that the ppnnitoid roek in each case was of a different variety from any 
prevalent in the metamorphios. In one instance where the granite was 
distinctly seen intercalated between bands of Bijawurs, it was a eoarse 
ternary form ; in the other, where masses of granitoid rock were found 
in the centre of the district occupied by the Bijawurs, they were composed 
of felspor and epidotc, the latter partly iu small veins, |»art!y dissAnina- 
ted and passing into serjHMitine. 

Nothing like sequence could lie made out in the Bijawurs ; os has 
liccn already stated, the iMnldiiig is very obsi*ure 

Obeenritr of bnldlnR. 

No Mqiiencc c»n br as a ru1(‘, SO much s(» that it is impossihle to ascer- 
tneed. 

tain the relations of diflenmt beds to each c»tber. 
In genera] the bedding can be fairly seen in the quartzites and homstoDcs, 
but it is completely obscured by cleavage lamination in the limestones, 
elates and other rocks.* In some places, as at Jobut, it seems to be very 
little disturbed ; in others as near Bagh, it is greatly contorted. 

The abundance of breociation in the B^awurs is vexy remarkable, and 
Ori^ of brscebiioa. may pebbly be connected with the great lateral 
pleasure to which the roek has been snbjoc^ted, and to which its well 


^ la Awmbwiip the Byawan sreat eantiem mnat be used ia admittlna any appamt eaae 
of wMaalbrBitj which auy be aiai with. The bedded uucleaved qoaitsite or horDetone. 
dipplas at DO gnat eagle lo the boriaoa, oAc& reeU opoa vertically laaiiaated liaiaitoDee or 
■ehiot. aad If their foUatioD be Dot carafally dUtaagoiahiA aa aaoh, the ohaerver ia very 
likely to aoppoae that H ic beddtag, aad that the qnaiirite or bomatone ia rartias upon tho 
Bptmad sad doDadod odgea of the oldw tooko, while in reality ths Uro moy be quite ooa- 
fonaable. IneUaoei of thia kind were not uafrequeat about Bagb and Jobut. 
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marked cleavage is originally due. It is very clear that the breccias are 
formed of fragments of a pre-existing qnartzose rock cemented together by 
ja^r, a form of silica usually supposed to be deposited from water, and it 
is also certain that, in some instances, the fragments of the quartzite have 
scarcely been moved from their original position, so that shattering in 
situ (whether by a sudden shock or by continued unequal pressure is 
immaterial) , and the deposition of silica from solution in water in the 
cracks, would account for the phenomena. But if this be the explanation, 
the shattering process must have been frequently repeated, and the infiltra- 
tion have taken place after each production of cracks to have caused the 
latter to have been so wide, and the position of the angular fragments in 
many cases so uttcrljiirregular as it is. 

The connection between the Bijawurs and the metamorphics is one 

ConiMN-tioo botwfen Bi- interest. Although by no means clearly 

j.«un.iidiuctamor|>h>a. made Out the impression produced by the rather 

rapid survey which was made of the country was that the two passed into 
each other in all probability. There was only one spot where this appeared 
to take place, viz., north-east of Jobut, and even there it is possible 
that faults were overlooked, but the complete representation of beds in 
one series by corresponding rocks in the other, foliated limestone by 
laminated crystalline marble, homstone by quartzite, slate by felspathic 
schist, femi^nous breccia by mi^netic iron and quartz in lamins, trap 
by homblend schist, &c., is in favor of the identity of the two. There is 
even frequently more exact resemblance traceable than is due to the mere 
occurrence of beds of the same composition. Thus the peculiar limestone 
with thin laminsB of quartz in the Bijawurs is represented by a precisely 
similar rock in the metamorphics, only difiering in the carbonate of lime 
being more crystalline. In any case it is perfectly clear, from the remarka- 
ble parallelism already pointed out between the lamination of the gneiss 
and the cleavage foliation of the Bijawurs that the latter series existed 
and had undergone cleavage before the former were metamorphosed, for 

(801) 
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we can hardly siippoae that in two different but neighbouring districta two 
diKiinet cleavages should have been produced in one set of rocks^ each 
exactly parallel to the previously existing gneiss lamination in the dis- 
trict. It is far more probable that they would be parallel to each other. 

At thesame time it is quite possible that the metamorphics may be 
in great part at least an older formation than the 

MctftOKirphici diit br 

iMrtiT older tlmn BijawuTs and even nneonformable, and yet that the 

nun, idcuticuL 

Bijawurs may have been locally metamorphosed. 
All these questions await further explanation. They are mentioned here 
because in the examination of these beds they have froc|uentiy been pn*- 
senled by the various phenomena observed, and even this imperfect dis<‘us- 
siim may be of aid to others similarly engaged elsc^iere, but who observe 
other characters of the rocks or see similar characters uuder different 


circumstances. 

lleUtinns of Rijuwim 
and Vindb>aiM. 


The relations between the Bijawnrs and the Vin- 
dhyuns are %'eiy simple, vie., utter uiiconfoniiity. 


CHAfTLU 7. ClIAMPAXf.KR GBOL’P. 

In the extreme north-west of the area mapfied^ a small tract, about 
30 miles east of Baroda, consists of beds whicb, 

LocahtT. 

although somewhat similar in general cliunicter 
and state of aemi-metamorphism to the Bijawurs, differ so greatly in 
their mineral composition that it appears probable t^iey must belong to 
a distinct gronp of rocks. They do not contain any of the rocks so cha- 
racteristic of the Bijawur series while their own 
marked beds are wanting in that. It is by no 
means dear whether, if distinct, they are higher or 
lower in the gmmral series ; they vaiy greatly in the extent to whicb they 
aie metamorphoeed, and thqr are, in the orqa examined, entirely isolated : 
very probably they do not differ greatly in age from the Bijawurs. 

( ) 
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The area occupied by these beds extends for about SO miles to the east 
. . from Powamrh hill, and for 7 or 8 miles to the 

south from Champaneer, at the north-east base 
of the hill. To the north thej stretch for a considerable distance, bat 
have not been examined. There is also a small tract of hilly countiy 
a few miles further south, which appears to consist of them. As it does 
not appear at all certain whether they can be referred to any one of the 
systems of rocks hitherto described as iutervenin<^ between the metamor- 
phics and the Vindhyans in Central India, it appears best to give them a 
„ tcmporaiy and local name, and that of the old town 

of Champaoeer, the former capital of the Mahom- 
medan Kingdom of Ouzerat, appears best suited for the purpose. 

The principal constituent rock of the Champaneer beds is quartzite or 

Rock. eompo.ing the quartzite sandstone, very similar in character 
group . quwtziie. rocks which occur both in the Bijawurs and the 

metamorpbics. The other beds are mostly slates, conglomerates, and 
limestones, ferruginous bands occasionally occurring. Some of the lime- 
stones are highly crystalline ; in one place near Kudwal they were found to 
contain actinolite ; in other places, as near Soorajpoor, they were quite 
unaltered. All the rocks susceptible of cleavage are highly cleaved, the 
planes striking about west north in general. Some of the slate ap- 

pears to lui so fissile that it might probably be made available for roofing. 

The conglomerates are perhaps the most distinctive bods in the 
group. They are well seen about Jhubban on the 

Conglomeraie. 

road between Soorajpoor and Jumbooghora. The 
matrix is in general a coarse gritty sandstone, containing pebblea and 
boulders often a foot in diameter, and occasionally more (one was mea- 
sured which aoleunted to 3 feet),and consisting of granite, quartzite, talcose 
slate, and crystalline limestone. The talcose slate of which some of the 
fribbles are composed is scarcely more metamorphosed than the Champaneer 
beds ihemaelves. The quartzite boulders are the lorgeat. The ItmestUM 
r ( MS ) 
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pebbles are very numeroiis, and as they are dissolved away on tlic aarfaoe 
exposure to the weether, the hollows which contained them remain 
empty, and a poi*uliar vesicular ap]ieaniiu*e to the rock. Some of the 
limestones of the pebbles contain stlicious lamina* as in the limestones of 
the BijaDifurs, but the rock in this case is more crystalline. It rather 
resembles the limestone in the metamoqdiics east of Kanas. The cleavaf^e, 
which is characteristic of the ('iianifianeer beils tlirou^bi»ut, is frcHiuently 
apparent in these {icbblcs. though it is but rarely distiiif^uishable in the 
sandy matrix ; none of the jiebbles are typically llijawtir. 

At one place near Aiiand|Hic»r the matrix of the conf^lomerate 
appeared u» lie a |)erfcft breccia, a mixture of an^u* 
Bfwia eonalonifTmU fnijrnienth uf bbu*k slaty sihcums rock and 

coarse baiidstonc, Ihtth containiiiji; |H.*bblt*s. This was 
near the juDCtion of the eun^K^merate with hlaty tin- latter appifrcntly 
the newer. The rocks ap{»cared to haveln^cn much crumbed ; they look as 
if an^lar fragments slate liad bc*c«>iTic mixed witii ^land^toDe, and then 
all reconsolidated. Tlic granite and (piart/itc jt^^bblcs, however, exhibit 
no signs of any violeiict*. 

Veiy little can be asivrtained of the sequence of the l>eds. The 
of bods limestones and quartziU*s of Soorajpoor 

are evidently high in the serieti; they appear 
to rest upon the conglomerates of Jhubbau and these agaiu upon the 
quartzites of Narookot and Daiidispoora. Judging from ilic extent 
of alteration too, the Sooraj|ioor lieds are high in the grogp. But no base 
is seen, unless the quartzites of the aouthum patch rest upon granite 
about Manikpoor. These quartzites much resemble those of Naroo- 
koi,fcc. 

Beferenoe has already been made to the apparent passage of 
TmmtfB into miiti Bijawom into mctamorphics ; in the case of the 
Champaoeer beds the appearances are muob 
stronger, especially along the southern boundary ; so much so indeed 
( 204 ) 
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that it is frequently almost impossible to determine exactly where that 
boundary should be drawn. Within the tract occupied by the metamor- 
phic rocks^ quartzites which have in no way the appearance of ontUers 
occur in several places^ as near Meerwania, and again west of Jumboo- 
ghora. In the latter case a true conglomerate containing large rolled 
pebbles of quartzite,,^.^ and very similar to the conglomerate already 
described as occurring a little further to the north-west, is found amongst 
the mct.imorphic rocks. The same apparent passage occurs south of 
Soorsjpoor, the Chanipaneer beds being more crystalline near the 
boundary. There is, of course, the possibility of faults accounting to a 
great extent for these apparent passages, and when rocks do not differ 
greatly in mineral composition, apparent cases of transition are very likely 
to occur, but still there is, in places, an apparent gradual change, both 
along the line of strike and across it, from Champaneer beds into 
mctamorphics. 


Chapter 8. — Vindhvan Series. 

Only the extreme south-west corner of the immense tract covered 

Sodl portion of Vin- formation is included in the present 

dbyan area included. map.*^ 

The principal character of the Vindhyans of Bhopal and the Dhar 
forest is the prevalence of a very compact deep red or purplish rock, in 
which the original texture of a sandstone has almost entirely disappeared. 
It is purely quartzose, translucent, and has at times almost the appear- 
ance of being crystalline quartzite. On its fracture it has the vitreous 

• At the whole of the Vindhyaut will shortly he described at length by Mr. Mallet, 
who hai had opportunities of studying them throughout their area, and who haa 
the small exposures of them comprised in the Western Norbudda oountiy, it is unneoessary 
for me to do more than indicate their general characters in the briefest manner, espedallly 
aa neither Mr. Wynne nor myself had ever seen the Vindhyans before we were engaged in 
imjplfig' this tract. 
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appeaiADoe md oonchoidal form of quartz. It is dearly intermediate 
between a quartzite and a sandstOM.* 

Cong^lomeritic bands are not rare. The bedding is invariably well 
marked, oblique lamination being rare. The 
sefiarate beds are of a small thickness in general, 
and the rock is occasionally flaggy. Conglomerate, containing pebbles 
of metamorphics and other rocks of no great size, is not unfrequent. 
Bippling abounds on all the surfaces. In a few places, especially about 
Gonnoorgurb near Hoshungabad and the villages of Dharre, and 
Paimgurh in the Dhar forest, softer and more 
shaly beds occur, gn»y or greenish in colour. 
These are higher in the series, and have been shown by Mr. Mallet to 
belong in part at least to the ' Bnndair’ division of the Vindh>*ans, while 
the quartzite sandstones at the base of the series represent the * R{!wah’ 
beds of Bundelcund. 

The Vindbyanh rest (|nitc uneonformably upon the Bijawurs, and 
contain rolUni fragments of the latter in their 
Cf»nglomerat€*8. 

The thickness of fhe Vindhyans in the Dhar forest must be very 
^ trreat, but it is very difficult to estimate it ex- 

Ohsr foPwL wtly, as faults occur : of the lower beds alone, in 

the secdoD fiom Pnllasec to wc*st of Sakargbkt, scarosly less than 7,500 
bet can he exposed. This is calcnlatiug the average dip at 12% and 
allowing for one small roll. The estimate is probably Jbelow the truth, 
and as there ara at least 2,000 feet above those exposed m the Sakar- 
gblt section seen about Paimgurh and Dharee, the whole thickness of 
Vindhyans in the Dhar forest can scarcely be much less than 10,000 
feet. 


Bcktiaiif to DijairarN. 


• I iOoald ilmatt be difpoiipd to osU It o qaarUite. bat it pMMf into MUidfloiie In 
■od tbe Viikdbraiw In avowal oreperfoctlj onoltored rocki, this might iafolw the 
Uka of tbib mioeml oonditMm boing dUTcmt ftom wbot it is. 
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Chapter 9.— Cretaceous Series — ^Baoh beds, and Mahapeta oboup. 

Although it is highly probable, «b will be shown presently, that some 
rocks belonging to an intermediate formation have 

Absence of greet plant- 

beving leries of Bengal been clasfied With the Mahadera series or its equi* 
and Centra] India in 

Wntem Nerbndda val- valents On the map in the neighbourhood of 
ley, Ac. 

Baitoolyno formation whatever appears to intervene 
in the lower Nerbudda valley between liae old unfossiliferous Vindhyans 
and the great trappean series^ except the sandstones and limestones of 
Burwai^ Bagh^ Alleerajpoor^ the Deva Nuddee^ &c. No trace of Talchirs^ 
Damudas, Fanchets or other members of the great plant-bearing series 
of Bengal and the Central Provinces has been met vrith west of 
Hoshungabad. 

The history of the rocks of Bagh has already been given, together 
L ^ with the reasons for their assignment to the cre- 

Nanif of Bagh beds ” 

not well choMn. taceous series, in describing the labours of previous 

observers. The name employed is perhaps not so well chosen as might 
be wished, for the town of Bagh itself does not rest upon the beds, nor are 
they especioUy developed in its immediate neighbourhood ; two of the 
most oharacteristio kinds of rock, the so called ^ ooralline limestone,^ and 
the argillaceous limestone from which the fossUs have chiefly been pro- 
cured, being both absent and, as has been shown, confusion has already 
arisen from the name. Still the term has now been used too long, and is 
too generally known to be easily changed, and the objections to its reten- 
tion are not strong enough to justify an attempt at altering it. 

The Bagh beds are found occupying a considerable tract between 


Area oocepied bj 
Bagbbedi. 


Chota Oodipoor and Baroda, extending westward 
to within 30 miles of the latter station ; throughout 
this country they form a fringe, which is rarely 
wanting along the edge of the traps. It is not, however, quite persistent; 
oocasionally the traps rest immediately upon the metamorphic Todka« 
Besides this fringe, many inliers, of every possible size, from a few yaids 
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■qumre Id square miles, are met with scattered throughout the trap 
area to the south, as far as Kerbudda, and in one instance to the 
south of that river, upon its tributary* the De\'B, these inliers are ciqiosed 
ill a wry peculiar manner, which urill W described in treating of the 
tract in question. Outliers u]K>n the metamorphic rocks to the north 
of the trap boundary’ are, on the other hand, rare. One, Imwcver, is met 
with upon the top of Ruttuiimul hill at a considerable distant^ from any 
trajjs. 

To the eastward, alnnit Allcts the same fringi* of the cretai’cous lx*ds 
is met with, but north of this, the tm{is of Mali\*a <*i»ver the ground 
to the north of Kaj|K>or, and although a similar lM»rder of cretmtMUS 
rocks is found along their inlgi*, it is narixiwer, the lieds Wing much 
thinner. The trafis gradually iH>ver the whole valley aUmt Bagh, and near 
this point, between Bagh and Kaj|Mxir, are Mime very large* tn^ts of 
cretaceous lieds. Further t4> the ea.stwarri, within tin* tnip area, are 
several inliers of Metamorjdiicv and Bijawurs surrouii<lt*d hy the eretai'CHms 
rocks more or less I'ompleU'ly ; th4*.sc* eoiitiniie nearly as far as Mand(K». 
The Bagh beds have thus Ih.*«*u Iraeetl, alnnist eoiitinuouhly, for about 
100 miles, when a hn*ak iK*eurh ; trap alone <H*cupyiiig tlie valley from 
a little east of Mand<Ki till eiosc^ to Burwai, a distum*e of aUmt r>0 miles. 
At Burwai the older rocks n*ap]iear from liem*ath the trap, and around 
their edge, for a considerable distance*, c*onglomerates and sandstones (K*^mr, 
which there can be very little hesitation in referring to the Bagh beds. 
To the extreme extent of these rocks to the eastward it r^II Ih* mnsessary 
to refer again when treating of their connexion with the Maliadevas. 

In mineral character there is great variation. At Bugh itself the 
ICaerd character at "action has been described more or less ac<*urately 
by several previous oliservers. It consists of 15 
to 20 feet of unfotsiliferous or nearly unfossiliferous nodular limestone, 
resting upon sandstones, fine and coarse, white to puiple in colour, and 
conglomerate. Some of the sandstone beds are more or less argillaceous 
( 208 ) 
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West of Bagb. 


or shaley and occasionally calcareous. The only fossils are a few bivalves 
too ill preserved for identification. These sandstones arc about 80 to 
100 feet thick. As before noticed, none of the Bagh foseile have been 
obtained from these rocks. 

This Bagh section, although very imperfect, exemplifies one charac- 

Pwn-aienoc of lime- Pretty constant, 

gtoiie lu topmost beds. general tendency to a prevalence of limestone, 

more or less pure, towards the top and of sandstone below. To the west- 
ward the moss of the rocks consist of coarse sandstones and conglomerates, 
frcH^ucntly calcareous above, becoming at times a gritty limestone, or else 
cupped by shales, more or less calcareous. In the 
most weshi ardly portion exposed, where the deve- 
h»pment of the In^ds generally is greattT than elsewhere, these shales 
sometimes attain a great thickness. In the Deva valley amongst the Kaj- 
|K>epla hills, 1h(»y attain to as much as 500 feet in one place near Doom- 
khul. Beneath them are coarse compact gritty sandstones of at least 
an (H(ual thickness. Where the rocks are thin as at Ruttunmul and 
near Kaiias only conglomerate and coarse sandstone is met with. These 
conglomerates and sandstones arc not only calcareous, but fi^quently also 
cherty towards the top, that is, near their junction with the traps. 
Masses of chert (noncrystalline impure silica), frequently as much as 
H or 3 fiH't in diameter, occur in them. The same is sometimes but less 
fnH)uently the case with the uppermost shales. 

East of Bagh a change takes place in these beds, and here alone is 

Eaft of Bagb— coral- Ibund the ''coralline limestone,^' which from its 
line limeitone. employment in the now-ruined buildings of Man- 

doo first attracted notice to these strata. This limestone is red or yellow in 
colour (the former colour apparently being the result of exposure); it con- 
sists mainly of fragments of btyoeoa, shells, &c., which are not easily 
recognised on a fresh surface, but weather out upon exposed blocks. 
The fresh surface has a somewhat granular mottled appearance, which is 
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hifij^hly chiraettfristic. In many places the bed exhibits oblique lamina- 
tion. showing that it accumuhited in a current. Beneath it, at Cherakhan, 
twenty-two miles east of Bag^, and one or two other places in the neigh- 

FuMilifmni# UiMvtoiie bourhood, is the bed, an impure argillaceous lime- 
of Chcmkiian. stone, from which all the fossils of this group which 

have hitherto been described were obtaini*d ; this again rests upon unfossi- 

liferous nodular limestone, similar to that which forms the top of the beds 

at Bagh. Beneath this there is probably sandstone. Some red marl, 

with calcamms concretions and sandstone a little further east, is found 

resting upon the limestone, but it apfiears to be local. 

The general section of the Bagh IxhIs about Cherakhan appears to be* 

Coralline limestone ... ... 10 to £0 feet. 

Fossiliferous argillaceous limestone abounding 

in Echinoderms (IlemiaMter) ••• about 10 fees 

Unfossiliferous nodular limestone ... 20 fec^t. 

Sandstone and conglomerate ... 20 feet . 

Further to the eastward, the coiiglomenites and sandstones, wdiicli 

reappear along the edges i»f the Dhar forest, arc 
Rodu further ewt. ^ ^ 

similar t4» those of Kuttunmul and Kanas. Tlic 

limestones are wanting, or represented by a calcareous gritty band at the 


top. 

From the aliove remarks it will lie apparent that these beds vaiy 
greatly both in mineral chaiacter and in thickness. The latter, however, 
appears to change according to a well marked rule, 
ui rX ISu ^ increase towards the south. Along the north- 

ern portion of the present map, the Bagh beds never 
about 60 &et, snd they frequently appear to thin out almost en- 
tirely. To the southward, they even amount to 1,000 feet in the Deva 
valky, and their base is not seen. At Bagh they are about 100 feet 
thick, and they appear to be atill more a little to the south, while 
10 or 1£ miW to the north, near Tanda, they are represented from 
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10 to 20 feet of limestone and sandstone^ or are entirelj wanting. That 
this difference in thickness is not dne to subsequent denudation appears 
pretty plainly from the uppermost being constantly the same, a calcare- 
ous and frequently fossilifexous band^ in places where the thickness 
differs greatly. 

Before quitting this subject it may be as well to notice that there 
is a bare possibility that the massive sandstone 
of MudflUme.^ rel»tioii» belong to the same formation as the over- 

lying limestone and shale which alone are fossili- 
forous. But its great constancy^ and the apparently perfect conformity 
of the two groups, render it most probable that they both belong to the 
same series. At the same time the sandstone may represent some of the 
formations of Central India. The thick sandstones of the Deva Nuddi 
have some slight resemblance to the Mahadevas. So far as the study 
of them has hitherto proceeded however they appear to form an integral 
]K)rtion of the same group as the limestones and shales. As will be 
seen ])rescmtly this by no means renders it impossible that they represent 
the Mahadevas. 

Tlie sandstone appears to be entirely unfossiliferous ; the principal 
organic remains in the argillaceous limestone are 
Echiuodenns, especially Hemiaster, and lamelli- 
branchiate bivalves, amongst which Pecten 4t^co9taiu9 is prominent and 
abundant. A small RhynconeUa also is very common. Bryozoa of several 
kinds are the most conspicuous organisms in the coralline limestone. 
Some of these fossils are occasionally met with further to the west, but 
the only organic remains which are at all common near Kawat and the 
Deva are some well marked species of Ostrea and shark^s teeth. It is 
not impossible that this difference, together with the great change in the 
mineral character of the beds, indicatai a difference in the conditions of 
the area in which they were deposited. There can be no question but 
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the limcRtone near Haifh is marine, while the calcuTeoiis shales to tlie 
west may be eirtiiarine. 

The Bagh beds are, of conne, utterly nneonformable to the ancient 
fonnatioDs upon which they rest. Their relations 

Rriatioiit to and^rH ■ 

inp bMboiidtotbooT^ to the overlying traps are somewhat peculiar. 
hiagumiM. Throughout large areas they have the appearance 

of perfeet conformity, and «n*en where tlie cretaceous bods are very tliin, 
not eRoeeding 30 to 40 feet in thiekneas, they often ap|)car for miles 
without a breidc at the base of the traps. But in general there are 
breaks vnary here and there, and in other caaos only patches of the 
eretaoeoua beds an* met with inierA^ening, the traps generally resting 
directly upon the gneisaose or other older series. This Utter case which 
may be leen at Tanda north of Bagh is very poasibly due to the 
aocumuUtion of the Bagh beds in hollow's ; it is far from impomibie that 
they never existed as a continuous bed to the northwanl. Bui numer- 
ous instances are met with, and will U> found mentioned in the subse* 
quent pages, in which the cretaceous rr»cks had unmisiakc^bly undergone 
denudation before the dejKisition of the traps. Seoii<»ns of this kind 
are met with (Fig. 1), and iusueh the abruptness of the denudation is very 

Fip 1. 



0 , TMp : h, Bsgh'bed* - e, MeUmorpbic rodu. 
marked. It is predaeiy that which would l>e caused by a stream. Its 
exeemive imgnlarHy indeed is typical of subadrial denudation, and the 
ctreamstaiioe of no general removal of the eretaoeooa beds having taken 
place aesms to show that the fodn of Bagh, although of marine origui, 
had not undergone marine denudation before the tnpa c ov ered them. 
(«« ) 
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The above exhibits the general state of thecase intheneighboaxhood 

of Bagh and Bajpoor. To the westward there is 
Greater nnoonformity . . « ^ ^ i 

iietwoen Bagh bede and ui places^ an appearance of greater denndation hav- 

tcapa to the weatward. taken place. An instance will be described 

in the following pages south of Kawat^ and another on the east side 

of the Deva inlier^ where the traps appear to have accumulated against 

a previously denuded cliff of cretaceous beds. It is true that both 

instances may be due to faulting, bat, for reasons which will be explained^ 

this appears less probable than the hyphothesis of previous denudation 

Nevertheless in the immediate neighbourhood, in both cases, the traps 

rest, to all appearance conformably, upon the undenuded surface of the 

Bagh beds, shown to be undenuded by the persistence of the tuantu bed 

Ijoneath the bottommost flow of trap, and in these and every other cGCe, 

the very close parallelism, t . e,, the general conformiiy in dip of the two 

series, is remarkable. Although considerable disturbance has taken place 

(especially south of Kawat), the greater portion at least is palpably of 

post-trappean date. In one or two local cases the Bagh beds had been 

apparently disturbed in pre-trappean times, but such instances are veiy rare. 

Even where the greatest amount of denudation has taken place, 
it presents no appearance inconsistent with the 
^enn^tion^f^^h having been subaeriaL It is 

tinici gaboenal. always irregulp, such as has left the sui&ce in 

hills and valle3rs. It is always local, never general. Thus, even in this 
instance, we have strong evidence that the outpouring of the traps, even 
when they rest on unquestionably marine beds, was in itsdf subaerial, 
and not, as some writers have supposed, submarine. 

To sum up, •the traps rest nearly conformably upon a locally denuded 
surface of the cretaceous bods, the two series exhi- 
biting general conformiiy. There is therefore no 
Dggli bods and traps. evidence of a great geological break between them. 

It should be added that similar local denudation has taken place between 

{m) 
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the diflerent tnp flowe^ ind aii iPBUnoe will be ehown where^ loath of 
KawRt, one flow of trap coran m bed of rounded pebblee^ very many 
of which have been derived from previous trap flows, all accumulated 
in a hollow which to all appearance has been formed by denudation in 
the interval betn-een two sucoeeeive eruptions. UVe have thus in the 
trappean aeries a break of a similar character to that which is seen at 
its base between its lowest memlieTs and the Baf^i beds. It is perhaps 
w r o ng to conclude that the Bagh beds and the traps form one series, and 
therefore that the lowest traps, at least, are of middle crptaoeous age, 
but it appears difficult to believe that they can be much newer, and highly 
improbable that they are of so late a date as eocene. This subject has 
already been treated in an earlier paper. (Sec Memoirs Vol. VI, pages 
158 , 159 ). 

It remains to trace out such connexions as may exist lietwe<gi the 
Bagh bed^ and the great formations to the eastward. 
li °****^ All thc> l>cd» oldi-r than the Muhadwiw. the Raj- 

mahals, Pancliets and Damudas, have lieen shown 
by their fossils to lie of pn*-cretaceouB age ; but of the age of the 
Hahadevas nothing has with certainty l*een determined. Tliey have 
been referred alternately to tertian' and creiaoeous periods, but always 
on avowedly imperfect evidenre.* 

* The Ui«t ofeoioD ou thU ■uhjewt in Ui«t esproMd hgr Mr. Hiship in the Journal 
ef the Bombej Branch of the B/vjral Anatic Kodetj VoL VI, p. SOO. lie thera ocm- 
iMifS the Mshadera crvUcetma, becapuae ** it uiidarliai the Takli aeriea, which ia Mtuated at 
Um rtrj hue of the eoooie/* and beoauae ** aimiUr uadatone witb etama raata on the 
lower ereCauotii rodka of Southern India." Thie paaaage oontaitw eereral erron. In the 
Rret |daee the beda naar NaRpoor, to whicdi Mr. Hialop alladu under the name of 
Mahadeva, and which I here rwentlj been able to eiamtne, do not belqig to that grou|H but 
are inteiatntiSed with the beda eootaining plottopUrtM, which are oertainlj not newer than 
the Triu. Then the ** Takli aeriea**, or intertrappean of Kagpoor, u I hare ahown, are 
mom prohabhr oretaeeoaa than eocene, and the eandetone with eteoia raaiing on the npper 
(not lower) ereteoeoua beda of South India hu been ebowD to be prubablj tertiary. 
KefertheUei Mr. Hidop'a oonduaian is rery probably oQcreol, altboii|^ mure reoeat 
im m rnt iei heve ehow n Ihet hie date leqatiod modiRcetksi 
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Before entering into this subject, a word or taro is necessary as to 
tbe rocks colored as Mahadeva upon the present map. 

These are found exposed wheneyer the traps hare been cut through 

Amoceopiedlr H.- ^7 denudation to the west and aouth-weet of 

haderos in pment map. Baitool. They extend for a considerable distance 
down the deep gorge cut by the Taptee, and are fuund in several valleys 
to the north of that river. A sharp southwardly dip of the traps takes the 
base of that series far beneath thC surface south of the Taptee, but along 
the south scarp of the Qawilgurh hiUs the traps turn up again, and a 
considerable thickness of sandstone is exposed beneath them on the flank 
ot the hills north-west of EUichpoor. 

The beds thus exposed consist near EUichpoor at the top of calca- 
reous grits and conglomerates or gritty limestor^s. 

Bed* near EUichpoor. i i 

of a grey colour abounding m chert, and precisely 

similar in all respects to the uppermost beds of the cretaceous rocks of 

Bagh and Allccrajj)Oor. Beneath these are coarse gritty sandstones, 

white or brownish in colour, occasionally conglomeritic, and veiy massive. 

Ferruginous bands are common, and also beds of argillaceous sandstone, 

white, lilac, and sometimes deep red in colour. 

Further to the north, in the Taptee valley and near Baitool, the bed 

NearBaitooL beneath the trap is more frequently a conglo- 

merate, precisely similar to that met with in the Dhar forest. But occa- 
sionally sandstones and clays similar to those of EUichpoor ajre met 
with. 

At the time* that the survey was made the whole of these sandstones. 

Bom of the EUichpoor <Jonglomerates, &c., were supposed to belong to one 
bed* probably older. system, and were aU classed as Mahadevas. But 
a subsequent examination of the country around Nagpoor has shown that 
the rocks there occurring and hitherto supposed to be Damudas differ 
greatly from the true Damudas in mineral character, and at the same 
time resemble the beds of EUichpoor. It is therefore highly probable 
that near EUichpoor, only the calcareous beds immediately below the traps 
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Bhoald lip oonBidered w reprasenting the conglomeraieB of the upper 
TipUv valley. Very powibly some of the beds to the north of the Taptoe 
should also be referred to the same series as the GtauopUris bods of Nagpoor. 
This is espcciaDy the case with the bods seen in the valley near Khattapani, 
the great vertical extent and disturbance exhibited by which and their 
apparent unconformity to the traps were noted at the time of the survey 
as showing them to be probably different from the usual infra-trappean 
sandstones and conglomerates. These latter from a thin band^ rarely, if 
ever, exceeding 100 fioet at the base of the traps^ which apjiear to rest quiU* 
oonformably upon them. 

Another connexion which has been traced out during the cxamiiuition 

lUliitiooi of Timrli ^ Nagpoor country is that between the Lameta 
and Bigh bcdi. Jubbulpoor and tliese sul>«trap{>ean rocks. 

The Lameta beds!* chiefly consist of— ^ 

1. Gritty sod cbeity Umestono ; 

2. Nodular Uioeatone ; 

3. Loosely aggrepUed ij^vetiiiih Kandstone ; 

4. ArgUlarcoufl l^edn, pur|ilii«li or |nt*cniMh, orviianronfi or marly ; 


the gritty and eherty limestone licing by far the most typical and 
widely spread member of the group. This luis been traced at inter\'a]s 
from Jubbulpoor to considerably south of Nagpoor, and there can be 
scarcely a doubt that it is identical with the subtrappean limestone of 
EUiehpoor. A bed which cannot be distinguished from it mincralogically 
is also met with frequently, interstratified with the traps, between 
Jubbulpoor and Nagpoor and in the neighbourhood of t^e latter. 

This is not the only point of connexion of the Lametas with the 
Bagh beds. The nodular earthy limestone at Lameta ghfit which there 
underlies the gritty and eherty limestone is veiy similar in appearance 
to the nodular limestone of Bagh and Cherakhan. Sandstone in both 
when present appears to be a lower formation in the same group.t 


• See Mem. OeoL Sonrn lod., Vol II, p. 196. 

t Cooqiere Mr. J. Q. Medlioett'e doscriptiini of tlic LoswU bed* ut p. 107, Vol. II, of 
tbem Memoln. 
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The Lajneta beds are considered by Mr. J. G. Medlicott as probably 
replacings the MahadeTas to the eastward. To the westward tiie last 
representatives of the great Mahadeva sandstones and conglomenites of 
the Pnchmany hills occur at Lokurtullaa^ south of Hoshungabad^ on 
the Monin River^ where between 100 and S^OO feet of coarse conglomerate, 
resting upon sandstone, is seen intervening between flie traps and 
the Damudas. These conglomera<^ are remarlAuly similar in appearance 
both to those just mentioned as occurring below the trap in the neighbour- 
hood of the Taptec, south-west of Baitool, and also to the rocks already 
mentioned, which arc believed io represent the Bagh beds in the Dhar 


forest. 

To return to these latter : The Bagh Ijeds proper are coneealed^by 
trap, as already mentioned, south-west of Mandoo. 
ii«Kb IkmU „oar Bumai. ^ ^ irregular patches of sand- 

stone and conglomerate and occasionally of limestone occur. In the latter, 
in one place, fragmentary marine shells were met with, one of which 
apjieared to be a portion of an ammonite ^ a second a rhynconella. These 
calcareous beds certainly belong to the Bagh group, and there appears 
ver}’ little doubt but that the sandstone and conglomerate is also 
identical with that of Bagh which it resembles in mineral character. 

The sandstones and conglomerates are traced for some distance 
along tlie northern boundary of the Dhar forest. To the south they 
an* less prevalent, but representatives of them occur about 2 miles west 
of Poonassa and just north of Bhorla. Th^ are 
conglomerates precisely similar to those north-east 
of Burwai, and also closely resembling those of LokurtuUai on the Moron. 
In the neighbourhood west of the village of Bhorla and apparently over- 
lying the conglomerate nodular and massive grey limestone with chert 
and containing fragmentary shells, is met with. At Bhorla tank is some 
haixlened porcelain clay. The relations of these beds to each other is 
somewhat obscure, the ground being much covered by alluvium. There 
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CRH, however^ l»e Imt little doubt that the cong^lomeniics are identical 
ii-ith th(we of the Dhar forest, and there cannot be much doubt of their 
identification with the similar bods at Lokurtullai, while the limestone 
appimrs equally clearly to represent that of the Ellichpoor beds and pro- 
bably the uppermost Bafth beds. It should be added that similar lime* 
stone occurs beneath the trap close to the smaller Tawa rirer about fifteen 
miles east of Poonassa, and that the distance from Poonassa to LokurtuUai 
is about seventy miles, the whole inten’ening distance being occupied by 
trap. 


of relatioiu. 


Thus it will be 8i*en that a connexion lias lK*cn traced out lietween 
the sandstones of Bagh and the c*onglomcratcs of 
the PuchinuiT}' hills, and also Wiwceii tlie marine 
limestone of Bagh and the freshwater limestone of the Lametas. 
Further researches may lie necessaiy to establish this correlutiou, but it 
appears to rest on strong evidence. 

One circumstance should be borne in mind ; Tlie trails are represented 
by Mr. J. G. Medlioott to lie quite unc*«»nforniable u|w)n the Mahode- 
vas. They apjiear, on the other luind, to lie quite c^informable to the 
Lametas. To the Bagh htnls they have bet*n shou'n to be gi*iierally ap- 
proximately conformable, but with marked local uneonformity. It is 
possible that the Lametas may l>e rather newer, or that the base of the 
traps to the eastward may be rather older. But the greater unc*onform- 
ity shown between the traps and the Mahadevas may be due to an 
interval between them represented by the limestones of Bagli. 

It is abo highly probable tliat the cdierty masses so frequently 

OrisiB flf Cheru in to as characteristic of the nppermost beds 

uppcroMirt BsrIi bedk Lameta and Bagb beds are due to infiltration 

of water oontaining silica from the overljring traps ; to the same infiltration 
which has deposited agate and quartz so abundantly in the cavities of 
the traps themselves. This appears not unlikely, but where sandstones 
of a differait age nndeilie the tnq> at Nagpoor nothing of the kind 
( ) 
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occurs^ although ihc beds are generally hardened^ probably through infiltra- 
tion^ so that the mode of occurrence of silica in the Lameta and Bagh 
beds appears characteristic. It might even be suggested that the lime 
is also due to infiltration^ but the latter is very improbable, carbonate of 
lime being a rare mineral in the traps, and the subtrappean beds being 
sometimes almost pure limestone totally devoid of crystallization. Had 
the carbonate of lime lieen derived ftom the Oi-erlying traps, it would 
certainly have lieen deposited in a crystalline form, and probably in 
veins and nests not uniformly throughout the mass of the rock. 


CiiAPTEH 1 0 . — Dbccan and Malwa trap««. 

The great volcanic series in general has lieen already described and 
its main features and geological relations pointed 

Pnnripal (')iara('t4»rh 

and reUtiniiti firvy uiiiHiy out in a previous paper in these Memoirs.'*^ The 
relations of the senes to the subjacent cretaceous 
roi‘ks and to the <iverlying tertiary lK*ds are treated in the last and the 
following chapters relating to those formations. It will therefore only 
be noccssarj^ in this chapter to describe briefly the area occupied by the 
volcanic bcries upon the map now published, and to note such geological 
characters as especially distinguish it within the area under consideration. 

Tlie traps occupy more than three-fourths of the accompanjring map. 

All the higher ground except in the north-western 
corner is entirely composed of them, as are also very 
large tracts in the valley of the Nerbudda, and nearly the whole of the 
Taptee drainage, though in the latter, over a large area, the absolute 
surface is composed of alluvial soil. 

Over a considerable portion of this country the traps rest in almost 
perfect horizontality. This is the case throughout 
the Malwa scarp, and apparently over a consider- 
able proportion of the valley to l^e south of it. The same is seen, so 


Area covered. 


Dipt. 


• Vol. VI, Art. 8w 
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br M the iDciinRtkin ean be nmde out, in a large portion of Berar, and 
the di|«, if anj ooenr, are Terj alight indeed in the hilla north of the Tapiee 
in Kimar and Baitool. But along the line of the Taptee south-weat of 
Baitool there it a marked southerly dip, though at a low angle, and 
although the beda are horizontal Ihroughoul a large portion of the Gawil- 
gurh hilla, there ia a dip of about 5** to 10* to the north along their 
Bouthem aoarp accompanied, apparently, hy a great fault at their l)aae 
parallel to the range. Paaeing to the westward, low dips in various 
directiona are seen amongst the traps of the Satpoura hills. These in- 
crease in amount here and there. Some wry sliaq) di|is of 10' and even 
more to the southward are seen in the Nerbudda and just north of the 
river west of the llurin Pal ; and to this shaqi southerly dip, which 
eontinues fur many miles to the westwanl, the total disappi*anincc of 
all infra- trappean rocks sonth of the Nerhuddu ap|H*ars to f(e due. 
The amount of disturbance u'hich the traph have undergone ap|iears to 
Dirt«rbanc« in culminate in the Rajjjeepla hills. N<»t only do 

the lieds in this n*gion diji at angles c*i>mparB- 
tively high (5* to 2(0 ^’hen their horizontality <»ver immense tracts in 
the Deccan and Malwa is considered, but dyki*s an* extremely preva- 
lent, and of great size, forming small ridges 100 loO feet high {larallel 
and frequently at no great distance from each other. Their general 
direction is east-north-east to west-south-west. 

It is very possible that a more close examination of the Raj|>ee]Yla 
KaU might exhibit other signs of volcanic agency ; unfortunately they 
were at the veiy oommenoement of the survey operations before 

that general familiarity with the tra|ie over large areas had been ob- 
tained, which would have enabled th<jse phenomena to be better under- 
stood. It is impOMibie to say without closer search whether any of the 
indmatkm wfaiih was observed in the lavs flows may have been due 
to original consolidation opon a slope, or whether it is entirely caused 
bj distorbanoe. Thai the rocks have been disturbed rinoe their dspoeitioD 
(MO) 
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is clearly proved by the fact that the sedimentary nummnlitic beda rest- 
ing upon them have also been tilted up, but it is also certain that the 
traps were inclined before the deposition of the nummulitics^ and it is 
not clear to what cause this inclination should be attributed. Judging 
from the horizon tality of the same beds throughout Malwa and the Deccan, 
it appears probable that they were originally horisontal in the Bajpeepla 
hills also. 

The disturbance and the great number of dykes met with in the 
Centre of volcanic Rajpeepla hills appear to indicate that this was, 
during the trappean times, a great centre of vol- 
canic action, lu further support of this view is the occurrence nortn 
of the Nerbudda, at Matepenai or Kulali hill, of amass of trap of peculiar 
structure, which appears to have been the nucleus of a volcano. (See after- 
wards). To the same cause may be ascribed the great hardening which 
the sandstones of the Deva valley have in places undergone, and the 
d>kes and irregular intrusive masses of trap which intersect thenL 

Mate}>enai is by no means the only intrusive mass of trap. Many 

Intrusive masses several of them like Matepenai are 

of a very different kind of volcanic rock from the 
iisiuil basaltic lava flows. They are in fact, so far as can be judged by 
appearance, trachy-dolerites, or iu some cases true trachytes. One veiy 
considerable mass of a decidedly trachytic rock occurs upon the margin 
of the nummulitics near Padwani. These more silicious forms of trap 
are apparently, in all cases, intrusive ; aU the flows appear to be of 
dolerite, and the less basic nature of the dykes and volcanic nuclei may 
be due to their having dissolved more of the quartzose metamoiphic rocks, 
of which they frequently contain semifiised fragments. 

One general character of the trap country which was omitted in the 
Vegetation of trap already referred to may be mentioned here, 

very peculiar nature of the vegetation. 
IhisliaB been remarked by many previous writers. It is so marked that 

( aai ) 
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tiiken ID cunnexioD with the flaiteued summit of the hills aiid the lines 
of strut iheation constantly conspicuously seen upon them, it enables a 
gcolofrist in Western and Central India t4» distinguish, almost until 
certainty, which are trap hills, from a distance even of several 
miles. 

The peculiarity ctmaistB in the paucity of largi* trees, and the abund* 
anc^ of which is frequently 3 to 4 feet in height. This grass 

dries almost immediately after the end of the moiiMKin and forms u 
natural hay, the pn]ici|ail food of the herbivorous animals of the cHiuntr}’, 
both uild and domestic. Tlie fiaucit} of trees u]»]H^rs due to several 
causes,— the wanton destructi(»n ot the tonmts b\ wiKid-cnitters, the annual 
burning of the grass, and its luxurious growth, which must choke the 
young trees. Locally, on the upland Hats, the small de]ith of soil al8(» 
is unfavorable to the grou-th of large trw-s. Tlioia* trees which d4>*' occur 
moreover are, almost withcait exception, de(*iduous, and Iom* their leaves 
vciy early in the seaMin, while man\ do not j>iit f(»rth new leaves till the 
beginning of the rains. Tliis is (^‘|i4*cial)y the case uith the Sah (Bot- 
wiUia ikuri/era)j one of the nxjst abundant. The result is that through- 
out the cold weather from Noveniljer till March all the trap country 
presents an uniform straw c^doured surface* uith hut ver}* few s|K>ta of 
green to break tlie monotony, while in March, April and the greater 
portnm of May after the grass is mfjsily burnt, ilie black aoil, black 
rocks, and burnt grass ]>reiient an asiieet of desolation unbroken often 
by a single green leaf for mon* than a month after ^jlasiern India is 
bright with fresh foliage. The only season when the trap country has 
any beauty is daring the rains. 

In Section XI of the second part of this Memoir, some re- 
marimble sedimentary beds, forming a large portion of the liase of the 
pr me nt series, wiU be described. Ihese are evidently a large deve- 
lopment of the intertrappean formation myumulated under peculiar 
eoaditioDs. 

( 2i2 ) 
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Chapter 11 .— Older Tertiary beds, including the NuMHUunos. 

Rocks associated with nummuIite-beariDg beds have bat a small 
extent in the Nerbudda and Taptee oonnhy. 
They occupy two isolated areas of no great extent 
between those rivers near their mouths, and are also found in one or 
two very small patches south of the Taptee. In every case they form 
a fringe to the rocky trap country, and border alluvium of Ouzerat, 
which conceals them fo the westward. North of the Nerbudda they 
have not been met with in the countiy mapped. The best sections 
()f them arc seen in the Taptee n^^r Gulla, and in the streams which 
run from the Rajpeepla hill country to the Nerbudda north of the Keem 
\ alley. 

The uppermost portion consists of gravels (in which a large pro- 
portion of the pebbles are agates derived from 
the trap), sandy cla}8 and calcareous sandstone, 
frequently nodular. The gravels are often cemented into a con- 
glomerate. Towards the base, bands of limestone, usually sandy and 
impure, abounding in nummulites and other fossils, are met with, and, 
with them, thick beds of a ferruginous clay, assuming, where exposed, 
the well known brown crust, irregular surface and general appearance, of 
laterite. Beds of agate conglomerate, apparently of considerable thickness, 
still occur. These lower rocks are best developed near Turkesur and Gulla 
and just north of the Keem, about Decnod, Whaliat and Wagulkhore : 
furth)Br north they are not met with in so marked a form, but the 
lowest beds about Amuljhur, Padwani and Seealee contain large rounded 
blocks of trap. 

The enormous amount of trap debris, whether in the shape of 
fragments of the trap itself, or of the rolled peb- 
from bles of agates derived from it, is ample proof of 
the great denudation which the traps underwent 
during the deposition of the tertiary beds. Immense beds of agate 
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pebbles ooeor high up in the Utter, eepecUIly in the neighbonrhood of 
Rottunpoor ; from some of these sre derived the agntes used the 
Cambey lapidaries. 

There is, however, evidence that the denudation of the traps had 
been considerable even before the commencement of 

DcBudAtioD of tnpt 

prior to SoporitioB of the period of deposition of the tertiar}’ beds. It is 
tcrtSsiy 

generally very difficult to ascertain the exact strike 
of the traps, but about 4 miles south-east of Turkesur, at a village called 
Ooskur, a very peculiar bed is found interstrata- 
fied with the Uva Bows ; it has somewhat the ap- 
peaianoe of a hardened shale, but still more that of a fine volcanic ash 
arranged by water. It is somewhat disturbed, but easily traceable, and 
it strikes at about west 40"^ south. The dip is not distinct, but is in 
places high. The boundary of the nummulitic beds resting upAi the 
trap strikes about south 5** west, and their dip does not exceed 5*; the 
two lines gradually converge until the tertiar}^ beds completely overlap 
the band of shaley ash. 

There can lie no reasonable doubt but that this ash (?) bed is 
intcntratified with the traps. It has in no way the appearance of a 
dyke or vein, but rather of sedimentary rock. The nummulitics must, 
therefore, rest on the denuded edges of the traps. 

There is also considerable ap|)earance of unconformity near Sursho 
hill, east of Buttunpoor. At the hill itadf there 
is so much disturbance that it is impossiHe to 
say what are the relations of the nummulitics to the traps, but east 
of the bill and south of it,— -not, it is true, quite close to the nnmmuli- 
tic boundary, but still not more than a mile or two from it,— the traps 
have a distinct southward dip, and this is a continuation of a similar 
dip traceable to the eastward for at least 60 miles. Now, upon these 
traps, thus dipping south at angles averaging about 10% rest tertiary beds 
dipping west and north-north-west at various angles, averagmg perhaps 
(224) 
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rather more than 10**. The evidence here is less complete than in the first 
instance^ but still it is only a fair inference that the two series are onoon- 
formablei and that there was denudation of the traps previous to num- 
mulitic times. Otherwise it is difficult to conceive why the nummulitics 
do not come in to the south instead of to the west. 

Perhaps the most important and interesting question scientifically is 

Sttb-divUioD of tertiuy whether the tertiwy beds of Surat and Broach oom- 
bedf in Surat imd Broach, prise One gTonp or more than one, whether the 

lower portion of the series, with its nummulitic limestone and laterite 
lieds, does not belong to a difiercnt epoch from the agate gravels and con- 
glomerate which overlie them, and whether the latter do not represent the 
miocene beds of Perim. It is tolerably certain that the nummulitic 
limestone of Turkesur and Gulla is much older than the Perim beds, tne 
former, which contains many species of shells common to the nummu- 
liticB of Sind and Cutch, and to the beds of the Paris basin, being un- 
questionably lower eocene, while the Perim beds which contain Maitodon 
latidens, Camelopardalis Sivaleneie, Sue Hyeudricus^ Dinoiherium Indu 
cum and Brakmaiherium have been shown by Dr. Falconer* to be of the 
same age as the Siwalik and Irawadi formations, which are, at the oldest, 
miocene. 

On this question it is impossible to pronounce an opinion from the 
evidence obtained. The mineral character of some 

Question as to repre- 

•anution of Perim beds of the upper beds met With in the Taptee and Keem 
near Surat and Broach. jg jjQt dissimilar from that of the Perim 

conglomerates; both contain rolled fragments of grey sandstone, which 
was not observed in any beds associated with the nummulitic limestone. 
But none of the characteristic fossils of either locality was observed in 
the other ; the bones of large Mammalia and the huge masses of fossil 
wood so abundant at Perim were not met with in the Taptee, Keem, and 


• Qoar. Jour. Gwl. Soo., Loadoii, Vol. 1, p. 860. 
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Rottanpoor Mctions^* nor were the thelbysharkV teeth, and iaUni of the 
upper beds of Surat and Broach found at Perim. 

There ia, howoTer, a great change, both in foeeils and in mineral 
character, between the upper and lower beds be- 

A diffffrao ID ■!(€ bf- 

lirm opprr MBd kwcr tween Broach aud Surat. Until the fossils are more 
bc<b proiMbfe. carefully examined than has hitherto been practi- 

cable, it is difficult to say if any species occur in both, but the majonty, 
and especially the characteristic fossils, are distinct. The Xummuhfef, 
OrtUoiUeM and other Foraminifeni, the PecUms, ihtrea Pirmingi, VuUelia 
/ryasies, Cones and Corals of the nummulitic limestone, were not met 
with above, but in their place distinct kinds of oysters, Pkolaiidta 
(Maritna V tortoise plates, shark’s teeth, foraminifeni as Rotalia and 
Opercuitna, apparently all distinct from those below, Brpotoa, and, in 
great abundance valves of Balannn, are met with. The diflerAces in 
mineral character have already been indicated. 

If the two groQps are distinct, and the oridence is certainly rather 

in favor of tbeir l>eing so, it appears probable 

ProbsbUity of faighiT , , , , , , , , , . 

gimp overlApping the that Uic higher overlaps the lower about half way 

between the Keem and the Nerbudda, as no lje<l 

distinctly referable to the lower group is met with north of Wagulkhore. 

It should, however, be remembered that the sections met with were 
. . , but few and very imperfect, that the rocks only 

Imporfariion oi wtc- j r' • j 

tMat. appeared above the surface of the ground in rare 

instances, and that by fiir the greater portion of the country was cohered 
and concealed by thick alluvial deposits, even within the small area over 
which rocks have been marked on the map ; and it appears therefore 
wisest, until the whole question has been worked out in the great num- 
mnlitic tracts further west, to abstain from attempting to separate the 


* If, faovmr, tbs oeeanenee, mentionsd sate p. 19, of s jaw of Maffeodoo baring bom 
praomad noar Braaeb I7 Malflolmaoii ba oo n ra c t, Ibora can be litlla doobt bot that tba Pamn 
bade aia ropraaantod in that fmmitrj Stillitlsiiotctear wbal portiaoof the aariaa tbqr form. 
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tertiaries of Sarat and Broach into gronps, and to represent the whole 
by but one colour on the map. (a) 

Of the thickness attained by the tertiaries of Surat and Broach it 
_ . , ^ , is difficult to form an estimate for the same reason. 

Thickneas of bedf . 

No continuous sections exists and it is difficult to 
say how large a portion of the apparent thickness is due to repetitions 
caused by anticlinal and sjmclinal toUe in the h^ds or to faults. In 
the stream which runs past Buttunpoorj the rocks are seen for above 
5 miles. The dip varies much^ but the average can scarcely be less than 
1 0^. This would give a thickness of 4^600 feet^ which appears excessive^ 
and is^ after all, a mere guess. At Turkesur the lower group is about 
2 miles wide, and dips at angles of from 5^ downwards. Taking the 
average dip at 5° the thickness would be about 900 feet, but supposing 
that it is lower, which is more probable, and reckoning it at S'" the total 
thickness would be 560 feet. 

Chapter 12. — Ossiferous oravels and other old alluvial deposits. 

In treating of the general physical geography of the Nerbudda and 
Taptec valleys, the presence of great plains of alluvium was especiaDy 
noticed. One such plain, that occupying the Nerbudda valley from 
Jubbulpore to Hoshungabad, has already been described in these memoirs 

(a). It hu bocn already sug^ted that all the foesils of the Sind munmnlitice are 
not of one age. In the Quarterly Journal of the Geological Society for 1864 Vol. XX, 
p. 66, leTeral reasons are given by Mr. H. M. Jenkins fbr believing that some of the Sind 
beds mipsed os eocene by most previous observers were of, at least, miooene age. He 
abowed that some rocks of Java beUeved to be miooene contained a Vieorya very near the 
V, Fermeuilli of Sind, and that F. VemeuUU was associated in Sind with shells ooenrring in 
the miooene of Europe. At the same time Dr. Martin Duncan, in a separate note^ showed 
that a large number of corals firom Sind, not described by M. M. D’Archiac and Haima, 
have miooene and even pliocene affinities. The examination of Surat and Broadi and of 
the tertiary beds there oocorring was made early in 1863 (January and February), a year 
before Mr. iSenkins's paifer appeared, and in a brief viut to Sind in November 1868, 1 saw 
strong reasons for inspecting that a divinon of the nnmmulitic formation there ■bo nld be 
mede. Indeed the ooourrenoe of forms of more recent appearenoe than nummnlitio in the 
Sind rooke has been for some yeare known in India. 


1 
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by my colleague Mr. Theobald (a). Only the extreme westeni edge of thin 

AUnnfti plain* of Tkp. “ included in the area now examined, which, 

tee and Nerbodda. howevcT, oompriaes the two great plaina of Berar 

and Khandeiah on the basin of the Taptee, and some smaller alluvial Bats 
upon the Nerbudda near Mundlaisur in Nimar, and on the Wurda, east of 
Oomrawutcc. These latter tracts are small and irregular ; rock frequently 
appears in the river beds throughout them, and altliough the alluvial 
deposits are of great depth in pbioes, they arc not uniformly so over 
any great extent of countiy, and it has consequently not been necessary 
to represent them on the map by a distinct colour, as has been done in the 
more extensive areas. 

The alluvium of the coast of Guzerat differs in no essential character 
from that of the river valleys, but it will be most convenient to treat of 
it 8C])arately. ^ 

The principal characteristics of the deposits forming all these alluvial 
Mineral character of similar, and have already lioen descriljcd 

by Mr. Theobald. The upper |»ortion is, in general, 
brown clay, or rather marl, atxiunding in carbonaU* of lime in the form of 
kunkur, totally devoid of stratification, and passing, at the surface, into a 
black K»il. Beneath this, often with indications of irregular deposition, ore 
gravels and sands, freir|uently more or less cemented together by carbonate 
of lime, in a manner which closely resembles the mortar in a rubble 
wall, and sometimes so hard as to form a solid conglomerate or concrete, 
which is, in some places, quarried for building. Not unfrequenUy the 
clays, Upwards their base, heoome sandy and pebbly, and pass into the lower 
lieds. Even high up in thoclays, sandy beds are sometimes seen, and in 
such cases, stratification is distinct, and oblique lamination is at times 
met with. In the lower and coarser portion^ oblique lamination is 
almtvsl the rule. 


(a). Vol. II, p. 27». 

( ) 
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Thicknm. 


Foasilg. 


The thicknegs of these deposits varies greatly^ and it is difficult to 
estimate it. Sections of upwards of 50 feet in 
height are occasionally seen on the river banks^ 
more frequently, however, 20 to 30 feet are exposed. In some cases the 
whole of this thickness consists of gravels and sands. More commonly the 
greater portion is clay, the coarser beds only being seen towards the base. 

Fossil bones in the lower Nerbudda and in the Taptee valleys are 
by no means abundant, and only a few fragments 
have been met with here and there. It is probable 
that closer 8i*arch will result in additional discoveries, but many hours 
have been fruitlessly spent in examining the banks of the different rivers, 
the Taptee especially. Shells arc common, and they appear in eveiy case 
to have been of species (a) now met with in the rivers. 

In one portion of the Berar alluvial plain there is a considerable 
Salt in aUn^iom of quantity of common salt in the clay, so much 
around Dh 3 runda and other places, north and north- 
east of Akola, that wells are sunk for the purpose of obtaining brine for 
manufacture, and much salt is made. This does not appear to be the case 
elsewhere. The salt-boaring stratum appears to be very low down in 
the alluvium, the wells which are dug into it being of great depth. It is 
beneath the gravels, and may, not improbably, be something distinct fitrm 
the upper fresh water alluvium, and of greater geological age. The pre- 
sence of common salt in large quantities may also indicate that the clays 


containing it arc^of marine origin (fi). 

It is evident that these extensive alluvial plains have not been formed 

P,^trtr«ui>.doiiot ^ P'®- 

>t. cisely their present conditions. These streams are 

now, in feet, wearing away the days and gravels; they have cut deep 


(a). Ckwer comparison than has hitherto been made is, however, desirable. In some cases, 
where there ts no specific distinction, there may be slight differences worthy of note amongst 
^yuA\^ so variable as species of Unio and Melama, 

(ft). 1 had not mysdf an opportunity of examining the salt-producing area of the Pooma 
valley. Mr. Wynne, ^hu surveyed the country, noticed no peculiarity in the alluvial days. 
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68 


W. BLANFOBD4 WaniBN IKOIA. 


[Pabt I. 


ABvvinni ftuTuitilr. 


Bcaied iiebbim uid i 


dumneb into the aUiivinl deposits^ and the neighbourhood of their banka 
b often a network of ravinea, the reault of denudation. The rivera now 
appear nerer to overflow their banka ; in abort, they are clearly denuding 
and not depoaiting atreama. 

There appears, however, good reason for believing that those alluvial 
deposits are fluviatile. They are certainly in great 
part, and probably altogether, fresh water, for they 
contain fresh water shells, and the only question is, whether they are flu- 
viatib or lacustrine. The former appears the more probable (a) for the 
following reasons : 

1#/. — ^The occurrence of rolled pebbles everywhere towards the liase. 

Even the bones are isolated, and rolled, single 
teeth frequently occurring. If tlic deposits were 
lacustrine, pebbles could only occur at spots where streams ent€^*d the 
lake, and if bones were found elsewhere, it might be exiiected that they 
would occur not isolated, but togi^ther, as partial or iierfect skeletons, as 
they must Iw derived either from carcasses floated into the lake, or from 
animidft such OS Hippopotami or crr»codi]es which had lived and died in the 
waters. Complete skeletons might of course also be found in fluviatile 
deposits ; it is solely the presence of isolated bones which is characteris- 
tic of beds aa*umulated by the aid of running water. 

2ff4/. — The ^ uniform apjiearaiice and absence of stratification in the 
Atmmra of stmtifla- ^ quoted as proof of lacustrine 

^ ^ origin. But it is a common and almost typical char- 

acter of river deposits, as may be well seen in those of the great Indian rivers. 

3ri/.-»The character of the moUuscan remains. All the fresh-water 
shelb found are of species such os are met with in 
rivers at the present day. The only diflerenoe which 
can be traced is the absence in the gravels and clays of many species 


FomU moUoics. 


(o). 1 SOI eompdlod to differ fron nj oolkogno Mr. Theobsld and flroni aonio otbor ob- 
Mrvtn. It !■ tmo m$ €lhmm i iem hsvo boon in diffhroDt dfaOficU from tboM prsfionaly es- 
aBUBsAboisUntbsbsdfmsosiaiikrtbsttbiff moot,! tidnktbsvs all bid tbs was origin. 

( *80 ) 




Chap. 12.] 


W. BLAKPOBD, WXSTBBN INDIA. 


now found. It appears scarcely probable that if^ in addition to the 
lapse of time, so great a change in the physical characters of the 
country should have taken place as is involved in the conversion of 
a great series of lakes (a) into a simple river valley, no alteration should 
have occurred in the fresh-water molluscan fauna, except the addition 
of fresh species. Even the changes which have taken place are to some 
extent susceptible of explanation, TVius Dr. Falconer, in a most valuable 
paper upon the ossiferous deposits of various eastern rivers, remarks espe- 
cially upon the absence, in the Nerbudda deposits, of Melania epinuhea^ 
Iiam.,and if. variabilU, Bens., and the rarity of Planorbie Coromandelianue, 
Fabr. But M, variabilia, and also M* ^rala, Bens., appear to be confined 
at present in India to the Ganges valley and the neighbourhood of 
Bengal, if. lyrala, it is true, is mentioned by Mr. Theobald as inhabiting 
the Nerbudda valley, but it is certainly rare, (^) and to the west it does 
not occur. M. apinuloaa is very locally distributed throughout India. 
The rarity of the common Planorhia is due to another cause. It is not, 
as a rule, a river shell, it abounds in marshes, and the shells met with 
in the rivers are chiefly dead shells washed in during floods. Such dead 
shells, if light, arc carried along upon the surface of the water and 
stranded on the bank) where they decay. In the beds of Indian 
rivers, by far the greater portion of the shells met with are species of 
Paluditnf, Melania, Unio and Corhieula, precisely the species found most 
abundantly in the deposits of the Nerbudda and Taptee valleys. They, 
in consequence pf their solidity, and the ease with which they fill with 
sand, sink to the bottom, and Lymma, which in consequence of its large 
mouth, is also less suited for floating, ofben accompanies them. 

Both the nature of the deposit and its organic contents therefore 
appear in favour of its fluviatile origin. It is also evident that if the 

(a). The upper Nerbudda alluvial plain exceeda 200 miles in length. The Berar plain 
Is about 110 miles long, that of Khandeish 160 miles. 

(fr). 1 have never seen it: 1 have met with both If. tubarculata and If. ^inuioaa in 
the Nerbudda. 


( ) 
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nwm wore again to form doponta, they wooU be much of the same 

aa thorn found. But in order to become again depositing streams a 

change in the rate of fall would be neocaasaiy. oer- 

ADinriam pralab^ dv- . « « 

pMUd irbtii lui of tainly lor the deposition of the clay flats. It is 

ttlWHDt VM VoHL 

probable, therefore, that the rate of fall was leas at 
the time when the alluvial plains of the Nerbudda and Taptee were depo- 
sited. Whether the subsequent change has been due to greater elevation 
of land to the eastward, or of depression to the westward, or simply to 
the river having cut a deeper channel to the west through the rocky 
country traversed after leaving the various plains, is more difficult to say. 

The saltnesB of part of the Bcrar plain seems in favour of the 
presence of the sea at the period of its formation. Bui the want, so far 
as is known, of marine remains b opposed to the idea of these plains 
having been delta accumulations on a sea-coast. ^ 


NoU ou ike Godarery Gravels. 

Id Dr. Fmleoner't psper above aUaded to» meDtion (a) U made of tlie occurrimre of 
Sitphag ytmadiema in richly fiMAiliferoafl finriatile depowita of ■ontlurn India. In 18S8» I 
haard fWnn Dr. Falconer of a great di-|MMit of fnacil bonu in the Qodavery valb*j, which la 
andonbCedlj the mme an that allude to. l>r. Falconer promiaed to warrh for a note ho 
had of the preriae bawlit} , hnt 1 omitted to enquire again about it at the time, and 1 
feared that, with bU aatimelv death, all reooid of the epot • bad been lueL Fortnnateljr 
dkr Bartle Frere waa alao aoqnainted with Um cirenmatanoea of tha diacover)- (no aceonnt 
of which appean ever to have been puhlbhed) and procured from the ariginel diecoverer. 
Oenoml Tvemknr. an account of the Ihcta. wlueb he oomsiaaicated to me. The epot fVom 
which the eknO ezaminod by Dr. Falooner wee chtalned wae ckiee to J^yUm. a town on the 
rpper Oodaveiy, on one of the made leading from Ahmednnggur to Jalna. Oencral 
Twesdow aim nwi with ezteneive depoelta of Mammalian bonee in tbi ▼Bllt 7 of the Pern 
<or Oonga bmt the cantonment of llins«dee^ and ho ie of opinion that the oeaiferoiia 
deporita are largely aeattered over the vaBeje of the Qodavery and Pern Onnga. Mr. Fedden 
bsA dmring the poet year, eewehed a portion of the Pern Oiinga vaOej near Hingolee, and 
tee imad fimnl tenei. diieSy bovine, is eeveral pbeea. thongh not In that afanndanct 
whidi the mrlier a ceon a t a had led to be antidpatod. The nombeva mentioned by Qenaral 
Twemlov mnet have been aa accidental aecnmnlation. Mr. Fedden after much eeareb and 
enq nii y aseoeeded in diaeoveiiag a wpaS, near Hingolee where bonee were eaid to have for- 
merly oce n rfod in large nnmben^ but be only met with a few fragsmste. It b to bo hcqped 
tlmt ofamrven raiding In the eomitr j win carry on the eearoh. 

(a). Qnart. JoWn Oeoi. Soe.. Loadon. VoL XXI. p. 881. 

( m ) 
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AUmvium^ Ouurat. Ab already mentioned, tiiia ia aiinilar in ita 

■t-n .. to dluvitim of featnrea to the alluvinm fonning the plaina of 

river pbiu. ^ vtOeys, Like them it oonsistB of brown 

clay, containing knnknr above, and of conglomerates, gravels and saada 
below. The streams cat deep ravines through it, and it forms clifb of 
some height along their banks. Its sur&ce is frequently, as near Broodi, 
perfectly horizontal over large surfaoesp at other times slightly undulating 
in consequence of inundation. 

It is by no means clear by what process this alluvial deposit has 
been formed. It is veiy similar to that seen along 

Origin olicnirc. 

a large portion of the Indian coast, and which is 
usually supposed to have been recovered from the sea by a slow process of 
upheaval. But how this has taken place is not so evident. Along the sea 
itself, where raised coast lines are constantly met with, they usually 
consist of blown sand-hills, and similar hills fringe the present shore ; 
so fine a sediment os that which has formed the fertile plain of Guzerat 
is deposited in comparatively deep water at a distance from the breakers. 
Daring slow emergence from the sea the upper portion of the day would 
be mixed with and covered by sand. But the reverse is the case, the 
sand is covered by clay, and it is therefore more probable that the latter 
is a river deposit. In favor of this is the fiset that wherever shells have 
been seen associated with it they are of fluviatile species, but they have 
only been noticed at a considerable distance up the rivers and near the 
hill countiy. 

It is possible, and even probable, that the clays of Ghizerat may have, 
to a considerable extent, accumulated in ' backwaters,^ that is, in coast 
lagoons. Still it does not seem likely that these could have covered the 
whole surface, and the uniformity of the deposit is remarkable. The car* 
bonate of lime now existing as kunkur may have been originally derived 
from shells as has frequently been suggested before. One peculiar cir- 
cumstance in connection with these deposits was noted on the Nerbudda 

( m ) 
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beknr Broach. The alluTimn iHiioh formed olifb akuig the river baoke 

was not only much oonaolidated (apparently 

tbroagh cementation by carbonate o( lime), but the 
bede in phcee weie seen curved as if disturbed. The curves, however, 
so Du* as was seen, were alwa}*B synclinal, and may perhapa have been 
formed during the filling up of channels in the pre-existing alluvium by 
newer deposits. All of these alluvial deposits, 

AUarkl dippaiito of 

lodki suU iBpwSwUjr howc^-er, require a more careful and thorough 
knoviL ...... 

search and examination for indications of their 

origin tK^ it is practicable to give to them, while so many more im- 
portant questions await solution. Enormous tracts are covered by them, 
they are the richest and most thickly populated districts of the country, 
and they are eminently deserving of study, if only for agricultund 
purposes, for upon their distribution dejiends, to a great cxtcA, the 
kind of grain grown and consequently of food c*onsiimed by the 
people of the country. But their gecilogical history is still wry obscure. 


BmII IIbU slong pr»« 
■k m u m of riTcrt. 


CllAlTXR 13. — XrWEE FORMS OF ALLI VIIM AXD SI RFAC B SO;!.. 
Along the present course of the rivers, as 'might l>c cxyiected, small 
flats, (straths) but little shove the level of the 
river, and liable to flooding, occur every here and 
there ; they are broader and more conspicuous in the lower parts of the 
valleys where the fall is less. The soil upon them is usually very fertile ; 
it oonsistsof a more sandy clay than the older alluvium^ and it has not, 
in general, a covering of black soil. It is, however, palpably formed 
from the older alluvium and other surface soils, wadied by rain into the 
rivers, and redepoeited during floods. Thus, though rarely formed 
entirely of ngfu or black soil it frequently contains a large proportaon 
of it mixed with other clays and mod. 

There is nothing in the ooenrrenoe of this newer form of alluvium 
which needa dsaoription. It is only neoemaiy to note ite oceaeional 

(m) 
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occorrenoei and its distinctness from the more ancient deposit. IVequant- 
1 j intermediate forms occur, which are by no means easy to distinguish. 

Blown fiamf.— This is met with along the coast between the mouths 
of the Nerbudda and Taptee. It presents no peculiarities. 

BUwk Soil or Begur , — ^This is the common soil of the whole of the 
Deccan, Malwa, the Taptee and Nerbudda Talleys 

CoHoD Soil or Bogor. 

and Ouzerat. Its peculiar characters have been so 
often described that any thing that can possibly be said about it will be a 
mere recapitulation of what has been said before. It varies greatly in co- 
lour, in consistence, and in fertility, but preserves the constant characters 
of being highly argillaceous, somewhat calcareous, of becoming highly 
adhesive when wetted, (a fact of which any one who has had to trav^Vse 
a black-soil country after a shower of rain becomes fully aware,) and of 
expanding and contracting to an unusual extent under the respective in- 
fluences of moisture and dryness. Hence the great cracks by which it is 
Assured in the hot weather. Like all argillaceous soils, it retains water, and 
hence requires less irrigation than more sandy ground. 

In the alluvial flats it passes downwards into the brown calcareous 

PaMaae mto aUuvial uplands it passes similarly down into 

oUy and trap. decomposed trap. It is never of great depth, 

never, except where rearranged by rivers in their recent deposits, met 
with at any distance below the surface;. It is not surprising that a host 
of observers, from Voysey to Carter, should have contended, and should 
still contend that it is only disintegrated trap ; over thousands of square 
miles it is unquestionably derived from decomposed basaltic rocks ; every 
stage of transition bam hard basalt to true regur can be seen in thou- 
sands of sections. More than this, over enormous ai^ the boundary 
of the trap rock below is the boundary of the regur above (a). Nothing 

(a). ThM b admirably leen throughoiit the Nagpur and Chanda country. Everywhere 
on the trap regur raenra; a few milei to the eaitward, upon the metamorphic rooki, it b 
never aeen, except on the lurfaco of alluvial eoil brought from the trap countiy by riven, 
each ai the Godavery. 


& 


( m ) 



74 


W. BTJ^XPOSD, ITESTKRK INDIA. 


[Part I. 


Vtnttd 1 


seems cirarpr as a case of induction tlian the infeTence that the black 
soil is solely derived from decomposed trap. 

And yet it is no more necessarily decomposed trap than the red 
soil itself. As Newbold shewed, lon|^ afpo, there are hundreds of square 
miles in Southern India, in the rallies of the Pennar, Palar, K&very, 
and other rivers still further to the south, in which the surface is oom- 
posed of precisely similar ** regur ** to that of the Deccan. True, il is, 
as a rule, far less fertile, but it is notorious that 
in the black soil of Western India varies ad infimtum 
in its fertility. Then* is not a solitar)' reason for 
supposing that the liasaltic Deccan trap ever existed in the valleys of 
the riveis aUive named, nor can there be any reasonable doubt that the 
alluvial flats ^’ontained in these vallies are mainly formed froai the de- 
tritus of metamorphic rocks. 

Hislop appears to have pointed out the most probable origin of the 
blac'k soil. Its characteristic colour, he considers, is 
due to the surik'c impregnation of various argil- 
laceous soils by organic matter (a). Ever^’ thing observed in Western 
India tends to conflrm this view, and it appears probable that any argil- 
laceous soil may become regur under favorable conditions. 

That it is a mere surface condition may be seen frequently on 

Bfirar iiiiinij a npow ^ uHuvial ptains so often alluded to. In these, 
ids! Tsrirtj. where the wash of rain has swept away the 

surface on the sides of hollows, the clay is brown ; on the flats above it 
is black : the black soil, however, washed from the sides of the hollows, 
has frequently accumulated towards the lower portion of them. It is 
also a common thing to see in the trap country a reddish soil upon the 
slopes of the hills, while the black soil occupies the bottom of the 


Hiilop’t thaorj. 


(fl). Hw isMBdanfle btivaeo tbe refer of Indie sad Tdiomossm of Be«U wst first 
pototsd out bj Newbold. It is sfpsdslbr rsfsrrsd to bj Hislop. 
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valleys (a ) . This appears due to the more aigillaceous portions of the dis- 
integrated basalts being washed away from the slopes and deposited in 
the valley^ forming a soil much more retentive of moisture and conse- 
quently more marshy and more impr^nated with organic matter (b). Of 
course agricultural processes tend to change the surface and to obscure 
the history of these deposits. 

. The abrupt termination of the regur el the edge of the traps is 
simply due to a change from an argillaceous soil 

CuiMi' of boundai^ of 

rotion Hoil and of tra|w to a sandy one. The traps appear almost always 

Iwing identical. . , . , i i . 

to decompose mto a highly aluminous substance ; 
the metamorphie rocks, on the other hand, yield sand to a large extent, 
while the Huer kaolin produced by the disintegration of their felspra: is, 
to a great extent, washed away by rain, leaving an excess of quartz 
sand in the soil. Where this kaolin is redeposited as clay, there is often 
a surface of regur as in Southern India. 

Tliese views will probably reconcile all the difficulties concerning the 
distribution of regur. 


(a) . This has been pointed out by Mr. Dalzell in a communication pnblished in one of 
the Bombay newspapers. 

(b) . An instance outside of the area now described may be here mentioned to shew the 
effect of retention of moisture and marshy condition in blackening the soil. About 8 miles 
south of Poona, near the Pkrsee Towers of SUeuce, are several rises, upon which two terraces* 
formed of different beds of trap, are conspicuous. The uppermost of these terraces 
evidently consists of a less pervious stratum than the lower one — ^the vegetation upon it is 
rank, abounding in a speoies of Carex and other marsh loving plants. Upon this terrace 
the soil is black ; upon the other, which is much drier, it is a reddish brown. 


{ 287 ) 




PART II. 


Detailed Descbiftions. 


Section I. — North of the Nerbudda from Bhopal and Hoshcnga- 
BAD to Suthtas and Chandgubh. 

This portion of the country embraces^ besides the valley of the 
Nerbudda^ a small tract of the Bhopal table-land, which is drained 
by the head waters of the Betwa. Here the Yindhyan rocks appear, 
for the last time, in the neighbourhood of the Nerbudda, in any portion 
of the table-land, their more western exposures in this direction are 
confined to the low ground in the immediate neighbourhood of the river. 

The table-land rises abruptly from the flat ground of the valley. 

Distribution of forma. ^ ““T* to the east being formed of 

Vindhyans, while to the west it consists entirely 
of trap. The surface in the valley is variously constituted, trap, Vind- 
hyans, Bijawurs and metomorphic rocks all occurring, while the greater 
portion of them are concealed beneath alluvium. 

The road from Hoshungabad to Bhopal passes for the most part 

Roadftom Horimuga- Vindhyan rocks. On leaving the river it 

bad to Bhopal. ascends almost immediately, the hills at Hoshunga- 

bad coming down close to the north bank of the Nerbudda. The 
ascent to the table-land is gradual over well bedded pink or purplish 
quartzite-sandstone, dipping at a low angle to south-west by south. 
About the summit level a patch of overl 3 ring trap is traversed, but it is 
of no great extent. About 12 miles south of Bhopal, a cotton soil 
is entered, which continues for 5 or 6 miles, the road then crosses trap, 
and Vindhyans come in again about 2 miles from the city of Bhopal, 
which stands upon them. 
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Soutii-west of fiho|ial the boundaries of tlie Vindhyans and the 
trap are veiy irregular, the trap having evidently 

HQb of tnp and 

Vuidi^riiA^ of been poured out u|)on a very uneven surface of the 

sandstone, a surface jiroliably produced by the 
unequal action of subaeriai denudation. Some hills are of one rock, some 
of the other, but the distinction between the two may lie seen at a 
glaiioe, in consequence of the difference in form and colour, Wtwecn 
the rocks of the two groups, and in the vegetation growing u|K>n them. 
The Vindhyan hills are rock}*, generally twcaqied on one side, and 
sloping away at an angle of 5° to 7” on the other, they are puqdish 
in oolour, bare of gram and covered with thin jungle. The trap 
hiDs are flat-topped, blackish in colour and covered with scrub 
jungle and lung grass, shewing the great amount and richnosB of the 
aoil derived from tlu> basaltic rocks. The Vindhyans stand ouf, as a 
nde, in higher hills than the trap, owing to the manner in which they 
ranst disintegration. 

Further south the boundaries between the two rocks are well marked 
and regular, the Vindhyan area, which strctc^hes 

W«Uni boQiMlafj of 

TiadkjaH^ ■oaih of away to the cast, terminating abruptly aliout 
12 miles w*est of the rood from lioshungabad to 
Bhopal. South of Shumsgurh, the Vindhyans rise in a bold cliff-like scarp 
from the comparatively flat plain of the traps. So steady and regular is 
tliM acarp that it has very much the appearance of being along a line of 
fault, fix* the older rocks are found alcmg it higher in position and dipping 
away fmn the newer. But it appears more probable that the 
eaeorpment esiited previously to the formation of the trap, and that 
^ flows, now consolidated into that rock. 


psoksMijr^pm^nppisn. up a great hollow worn out in the Vind- 

hyaaa In fiivoor of this view are several facts. 1. — ^The changes 

which t aVy place in the direction of the soarp, such changes being 
nnueual in fiuiHa, although they do occasionally ocour. 2.— The absence 
of any disUifiiaaoe of the beds near the junction. Such would prdmbly 
( 240 ) 
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be conspicuous if the boundary were a line of fault. 3. — ^The oontiniiation 
of the line of division north to the neighbourhood of Bhopalj where 
the junction^ as already mentioned, is quite irregular, the Vindhyans 
rising as isolated hills from the plain of the traps. It cannot be 
supposed that each of these little hiUs is surrounded by a series 
of &ults, but if they are pre-existing elevations around which the 
traps have accumulated, there seems no reason why the larger scarp 
should not have been so also. The present elevation of all the Yindhyan 
hilb above those of the trap is of course due to their far greater power of 
resisting atmospheric action, and their consequently slow disintegration. 

The beds of the Vindhyans immediately south of Bhopal are 
composed of the fine purplish quartzite-sandsione. 

Petrological chiractcr 

of Vindhytns near Bho- SO common in this part of the country, rippled in 
places, occasionally false-bedded, and, near Shums- 
gurh, marked with distinct bands of colour. Occasional beds of conglo- 
merate occur, containing pebbles of granitic or gneissic rocks and of 
quartzite, the latter often purplish and precisely resembling the matrix 
in which they are contained. Small pieces of shale and fragments of 
red jasper also occur, but they are rare. 

The dips are always low. Some of the beds are very massive, and 
form well marked ridges. One ridge in especial 
occurs just west of the Bhopal and Hoshungabad 
road, south of the village of Ahulpoor and Dohattia. The rocks dip 
about 5” to tlfe north, and weather on the top of the ridge into 
immense crags, which are conspicuous from a great distance. The 
northern or longer slope of the hill, as is generally the case with the 
Yindhyan sandstone ridges, corresponds with the bedding of the rocks. 
This ridge, after running east and west for 5 or 6 miles, turns diarply 
to the north-west close to the small village of Jowra, the twist oorres« 
ponding with a change in the strike of the rocks, which thence dip 
north-east In the course of some miles, their dip gradually changes 

(*« ) 
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to tht Hw itiSks «r <b» iMgtto «h*iiof(lu OHmt ponlM 

ridgm ot mr, dt&nig Hw anko pliwfiiiMin, but thojr on law oonopioiioaa. 

Ho ntam to tko bomidaqr of tlw VindhjaBo and tn^a aonth of 

-J aaih ar Skuugarii. aaoacpmeiit oi the fbii|||pr 

‘*''”***'^ oontianea aoulb w the adgaa of the table-laiid, 

■ad the — ™o liaa of diviaioB ia oontamedi in the aana dinflion, down 
tfmtn tlw Norboddn anllaj, nboot 1,000 feat bebnr the platoon, ao that 
the otiginal Vindhjan aoarp, bafina tha tnpa ware fonnad, moat have 
baan 1,000 to 1,200 feat ia height at leoat, and tha trope mnat have 
Mill thk dqith before thaj overdowed the Vindhyana of the Bhopal 


With thair nanal power of reaiatuig denudation, the Vindhyaaa 
atretch out into the Neibndda valley fer aonth 
of the trap eaoarpment and even appear on the 
river ifealf at Mnidanpoor. At the point where they oommenoe to jut 
out into the plain, they riaa into the hill fort of Gunnooigurh. 



l.g W iap w daawai>aoaa**»— « AP'walA eodirw <haiiatfclB|yliwJaa(a4« Aral 
4a|,Ma.rilwaM«ia«h.lwNrfart.A,fWihd,f..a 
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mmam tmmxfllbamB. 

^19 

ABoendinlf from the low gioimd of vall^ towBxds the fytt, the 
usual puiplish quartziteHumdstoiies aie travened^ bat the fafll itself is 
formed of fine fiags and flaggy shales^ slightly oalcareoas in some plaoes. 
The lower portions of them frequently exhibit the fine rippling so 
characteristic of the VindhyanSj higher tip the beds are smooth and 
level, their colour varying from light gieenish-grey to deep red, 
some are concretionary and sandy, and all have so perfectly unaltered 
an appearance, that a geologist is disappomted when he fin j^ them 
unfoBsiliferous (a) 


Iii^odiately south of Gkinnoorgurh, between it and another hill of 
Trap south of Gun- Vindhyans, is a valley, the bottom of which is 
noorgurh. composed of trap, whilst about 6 miles west-north- 

west of Gunnoorgurh, a small hill of Vindhyans occurs surrounded by 
trap. These two circumstances are additional proofs of the non-faulted 
nature of the Vmdhyan and trap boundary, and shew that the views 
above expressed of the Vmdhyan escarpment being due to denudation 
in pre-trappean times, and not to subsequent faulting, are correct. 

Tlie low ridges which stretch out into the plain of the Nerbudda 
Hills north-east of uorth-east of Murdanpoor, consist of fine purple 
Murdanpoor. sandstone and conglomerate, enclosing semi an- 

gular pieces of purple quartzite, decomposed ingments of metamoip|pc 
rocks, and some small flakes of mica. The beds are much weathered, 
and perhaps calcareous. All the Vindhyan hills in this part of the 
Nerbudda valley have a very peculiar appearance, illustrated in* the 
accompanying sketch by Mr. Wynne (Plate VI). 

As has been stated, a small section of the Vindhyans is seen in 
the Nerbudda, east of Murdanpoor. A low hill 
just south of the river at this spot, is 

composed of these rocks. ^ 

—■ ■ — - - — ■ ' — ' 

(a) Ai before mentioned, theee bade, the deecription of which is* eopM team 
Mr. Wjnne*i note book, have been aeoertained by Mr. MaUet to jMong to the Bandair 
diviiion of the Vindhyan aeriea. 

r ( \ 


Nerbudda east of Mur< 
danpoor. 
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West of the Gunnoorgurh spur, the plain north of Ae river is 

Oonntiy wmt of Oim- mainly covered over by allavium. To the north the 
”®*"*^**' scarp of the table-land is entirely composed of trap. 

The country is geologically very uninteresting as far as the neighbour- 
hood of Hurrungaon. South of this place metam- 

Humuigoon. 

orpliic rocks emerge here and there from beneath 
the alluvium. They are g^ranitoid in places. Patches of overlying trap 
rest upon them, and a considerable thickness of alluvium conceals the 
grater portion of the rocks. 

West of Hurrungaon are two hills^ eonspicuous from a distance^ 

Hills of quartzite west composed of vory massive quartzite^ of peculiar 
of Hurrungaon. apiHjarancc, which may iK>s 5 ib]y be mctamorphic^ 

or, perhaps, Bijawur. The connexions, however, were not made out. The 
accompanpng sketch (Fig. 1, PL VII) illustrates the appearance of one 
of these hills formed of white granular quartzoso rock, that furthest 
to the west, near the village of Sagonia. The other sketch (Fig. 2) 
illustrates the contrast afforded by the outline of the trap hills. 

On the Bhowra ghat by which tlie 6car]> of the Malwa fhble-land is 

^ ascended, north of Hurrungaon, there is far less 

Bhowm gnat. 

appearance of bedding than is usual in the traps 
of the Malwa plateau, especially farther to the west. The basalts are very 
columnar, a character which is common in the lowest beds of the traps 
in this part of the Nerbudda valley. 

Metamorphic rocks appear in force about Kunnod. Much granitic 

Hetsmorpliici near syenitic rock is associated with them. Ciys- 
Eunnod and Aignoa. talline limestone is occasionally seen, as near 

Anjnas. Peculiar quartzites are met with at Nimawur, on the Nerbudda 
and in other place8.(a) 


(a). Thia quartzite hai been reoogniaed bj Mr. Mallnt as bdonging to the B(jBwurs. 
The remainder of thia tract was only very cursorily surveyed by Mr. Wynne, whose instmc- 
tlona were limited to laying in the boundaries of tram Vindbyans and Metamorphics. 
It baa iinoe been eiamined more doady by Mr. Mallet, whoae obeervations will be publiabed 
■eparately. 

( 244 ) 
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Country 

Hurda. 


west of 


Hills to south. 


SacnoN 2.— NaasuDDA valley south ot thh biyee^ xbom the Hoshun- 

QABAD AND BaITOOL BoaD ON THE EAST TO THE ChOTA TaWA BTYEB. 
The north-eastern portion of this tract, from Hoshungabad to 

Alluvial plain from Hurda, consists of a gently undulating plain of 
Hoshungabad to Hurda. cotton soil. No rocks appear in general even in the 

streams, although outcrops would probably be met with here and there, 
in the deeper ravines, if the place were thoroughly searched. 

About Hurda rock begins to appear more generally in the streams, 
and occasionally at the surface of the ground, and 
farther west, trap to the south and metamorphio 
rocks to the north are largely exposed. This is especially the case in 
the neighbourhood of the Nerbudda, which runs through a rocky bed 
between low hills of Bijawurs and gneiss. 

To the south is the western extension of the Fuchmuriy and other 
hills, much diminished in height y and gradually 
sinking more and more towards the plain. It is 
chiefly composed of trap. Mr. Medlicott^s map comprises the only 
portion of the range consisting of older rocks with the exception of 
a small patch of Mahadeva beds in the Ganjal river, the existence of 
which is proved by pebbles brought down by the stream, but which was 
not reached. (<3?) It is far within the hills, and is evidently of small extent. 
The ««oction of Mahadeva rocks at the Morun river has already been 
Section of Mahadevaa referred to in the chapter devoted to those rocks in 
near LokurtuUaL general. For about 2 miles south of Lokurtullai 

trap is seen in the river, then, from beneath the trap, coarse conglomerates 
crop out, dipping at about 10° to west-20°-north. These conglomerates 
contain pebbles of various kinds, some of metamorphic rocks, amongst 
which quartzite predominates, othem of the peculiar purplish quartzite- 
sandstone of the Vindhyans; a few ore of red jasper, and mixed with the 
mass are blocks, frequently 2 or 3 feet across, of soft felspathic sandstone, 
evidently derived from the Damudas which are in place close by. 

(d). Itt —Satomw wM Only disoovoied jnit befbre leaving the field. I had no map of the 
oonntrjandoonldnot qpare the 8 or 4 daye it might have required to hunt it oat and ewey it. 

(846 ) 




84 


IT. BLAKFORD, WESTBRK TKDIA. 


[Part II. 


Below the coarse csonglomcrate is brown sandstone, slightly oon- 
glomeritic. This rests on felspathic sandstone, succeeded by flaggy beds 
and carbonaccons shale ; the latter clearly belonging to the Damuda 
series. Despite the unconformity lietween the two series diewn by the 
Damuda detritus contained in the Mahadeva conglomerate, it was impos- 
sible precisely to determine the line of separation. It is clear, however, 
that the Mahadevas do not, at this spot, exceed 200 feet in thickness, 
and probably half that amount is nearer the truth. 

Up the Morun river the Damudas soon turn over to the south, and 
disappear again below the traps. The Maluulevas appear to be wanting. 
They are, however, much thicker in the hills east of the Morun than in 
the river. No good scc'tions are seen. 

The hills further west, about Mukrai, arc composed of bedded trap, 

TTMi « ^ . either dipping at low angles to the south, or tfori- 

HiUb near Mnkrai. 

zontal. Some inter-tTapi>cans occur in the upper 
port of the Agni stream, we&t-south-wcst of Kalc^eblicct. 

South of Hurda, towards Chanva, there is a great bay of the 
alluvium stretching further to the west, than is 

Extension of allnrial 

direction of the case near the river. This larger quantity of 
surface deposit away from the lypr appears to 
indicate a former distribution of the rivers throughoj^!»^BH|puntry 
different from that at present prevailing. It may have/ some connexion 
with the great break near Aseergurh in the hills which separate the 
vallies of the Taptee and Nerbudda. 

The trap demands but little notice, and the neighbourhood of the 

NcighbonrhoodofNer- N^^^budda west of Hurda received so veiy hurried 
Budda wfirt of Unrda. ^ examination, that but little of importance can 

be stated concerning it. (a) The rocks consist principally of metamorphics 
and Bijawurs, overlying trap occurring here and there. 

(a). It boi since, like the n^ghbooring cmintiy north of the river, been 
Mr. Mallet, who will prohebly describe it in greater ddfeaU. 

( 246 ) 
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On the Nerbudda^ a range of hllk formed of quartzite rises ir<m tiie 

Quartzite hilla near about 2 miles west of Hindis. This 

range stretches along the river for some distance to 
the westward. Similar quartzite occurs^ as already mentianedj at 
Nimawur, north of the river, opposite Hindia.(s) 

About Hurda syenitic and granitic rocks occur. Much alluvia 

Hetamorphic. near smfece, but it i. often Very 

thin. Thusj in one place^ a few miles west of the 
town, on the road to Kundwa, although no rock whatever was visible 
on the surface, blocks of granite for the railway works were being quarried 
from a depth of only 6 or 8 feet. 

In the Machuk river trap is found about Dunwara. In the uuper 

Section in Machuk stream no rock is met with as a rule, 

although trap is exposed near Mohunpoor and 
Gahal. About half a mile below Dunwara coarsely crystallized peg- 
matite, (or rather protogenc,) containing a chlorite-like mineral, is met 
with, and forms the bed of the stream for a considerable distance. At 
Devapoor there is mctamorphic limestone. The rocks are extensively 
metamorphosed and no foliation can be recognised. 

In the country between the Machuk and the Tawa, large outliers 
of traps overlie the metamorphic rocks. The same 
tween ^ Mach^ and is the case north of the Machuk, but to a smaller 
the Tawa. extent. No attempt has been made to ascertain 

precisely the boundaries of these numerous little patches : the larger areas 
have been roughly surveyed, so as to indicate the general mode of occur- 
rence. Most of the patches are oval or oblong, their larger axis correspond- 
ing with the general strike of the metamorphic rocks, or about east 20*'-S0*’- 
north, and it is evident that they are due to the traps having overflowed the 
irregular surface of the underlying formations, in which, as at the present 
day, ridges of the harder beds, chiefly quartzite or compact granitoid gneiss, 

(a). This quartzite hM been shewn by Mr. Mallet to bdong to the Byawnrz. 

( 847 ) 
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Tawa fectum. 


itood Qp Above the general level of country. Where denudation hae to far 
lenoved the traps that the old surface is once more visible, the hard ridges 
again protrude, while some trap yet remains in the hollows between them. 

Trap dykes oeeasionally occur in the metamorphics. They were 
especially observed in the jungles north-east of 
Trap dykfii. Poonghat They appeared at that place to have two 

principal directions, south-east and east-20'*-north, the latter coinciding 
with the lamination of the metamorphics. 

A very interesting section occurs in the Tawa (a) river near its juno- 

. tion with the Nerbudda. At the mouth of the Tawa, 

Tawa fectum. ... ... 

the Bijawur limestone is seen presenting a peculiar 

concentric structure; the altcmatiug bands of siliceous and calcareous 
minerals, instead of being plane, are concentric around nuclei of quartz. 
Many of these concentric mosses are of great size. ^ 

A little further south, there is on immense moss of hard quartzose 
breccia similar to that seen north of the river, north-west of Chandgurh, 
composed of purplish jasper-like rock with enclosed angular fragments of 
quartzite. Upon this rest Vindhyan shales, sandy as usual, and passing 
upwards into the typical quartzite-sandstone, which forms hilk west 
of the stream. • 

It is difficult to say what is the position of the br^cia. It was at 
first supposed to be Bijawuj, but the occurrence of similar breccia ap- 
parently interstratified in the Yindhyans on the Nerbudda close by, 
renders it possible that it may belong to that 8erie8.(^) The shaley beds 
appear to be nnconformable upon the breccia, and the breccia upon the 
Bijawur lime^rtone, but neither unconformity is veiy clearly made out, 
and apparent nneonformitiea of breccia or quartzite beds resting upon 
Byawnrs must be regarded with suspicion on account of the pre- 
dominance of deavage foliation in some of the beds of that series and its 
absence in the homstones and quartzites. 


(a). Tbit is Ills oMlItr Tkwm oillsd ths Choto Tsws or Sooktasni rifws. 
(&). Tbiiwif foiaMoakbf Mr. Mallet. 

(M8) 
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Higher up in the Tawa^ trap comes in^ and farther on stilly there is 
a patch of metamorphic rocks. It is of no great extent. The rock is 
granitoid. 

Section 3. — Neebtjdda vallbt noeth op the eivee^ peom Chand- 

GUEn AND SuTWAS TO BUEWAl AND TUB SiMEOL GHAT, INCLT7DINO 
THE DhAE FOEEST. 

Passing westwards from the open alluvial tract of the Nerbudda 
Characters of Dhar which extends to Hurda and Nimawur a large 
expanse of wild, almost uninhabited countiy, is 
traversed by the river. This tract is still bordered on the north by 
the scarp of the Malwa plateau, here entirely composed of trap, but 
instead of the lower country near the river being level, as near 
Hoshungabad, it is extremely hilly and rocky. A large portion of this 
region of jungle belongs to the principality of Dhar, and is known as the 
Dhar forest. 

The river itself traverses Yindhyan sandstone during by far the 

greater part of its course between Chandgurh 
Eochs occurring. ^ 

and Burwai ; farther north the peculiar limestones 

and breccias of the Bijawurs prevail, and in some spots metamorphics are 

seen, but they are much less frequently met with than further east, while 

to the west outliers of the cretaceous beds of Bagh occur. 

In the Nerbudda near Balkaisir, metamorphic rocks are seen, and 

Booto in . Nerbudda Nowahatt*, 

bdow Balkairir. where a great band of homstone-breccia crosses the 

stream, striking east-20*^-north. Below this, the bed of the river and its 
immediate neighbourhood are piinci|^y occupied by overlying trap or by 
nifl ^aAa of conglomerate, which appear to be of comparatively recent date. 

It is not clear whether the band of breccia marks a fault, or 
whether it belongs to the Bijawurs. The latter contain siinilar beAi in 
this neighbourhood. 


( 849 ) 
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From Chandg^h for 2 or 8 miles to the west^ the surface rock, north 

^ . of the Nerbudda, appears to be trap, covered by 

W€rt of Chudgiirh. ^ 

immense masses of the same peculiar conglo- 
merate as that seen in the river. This forms a low range of hillocks 
south of Chandgurh. It consists of pebbles 

Conglomerate. ^ 

and rounded blocks, often a foot in diameter, 

and, for the most part, of Vindhjan quartzite-sandstone ; these pebbles 

are contained in a deep red sandy matrix. This is usually but slightly 

coherent, though sometimes hard. 

If this conglomerate be a deposit made by the Nerbudda, the 
course of that river at the time the bed was formed must have been 
very different from what it is now, for while the mass of the con- 
glomerate consists of Vindhyan pebbles, those of mctamorphic rocks 
being rare, the Vindhyan pebbles occurring in the present river bed are 
few in number, when compared to those of the mctamorphics, and 
small in size, having been washed down from near Hoshungabad and 
Murdanpoor, below which no rocks of the scries occur in the river’s bed 
till below Chandgurh. The materials for the conglomerate must there- 
fore, in all probability, have Ijeen derived from the west, that is, from 
the direction towards which the river now flows. 

About 2 or 3 miles west of Chandgurh, the yindbyans come in 

Ylodbyims and Bija- again with a Bcaip which stretches to the north 
wun new Chandgurh. ^ ^ Sutwas. It is noteworthy that 

this boundary is very nearly parallel to that which marked the limit of 
the same rocks to the west, between Bhopal and Murdanpoor. Along 
the edge of this scarp and to the east of it, there are some few exposures 
of Bijawur beds, interesting, because of the prevalence of a peculiar 
hornstone-breccia in them, and of the evidence afforded of the complete 
unconformity with which the Vindhyans rest upon them. The beds are 
mndi obsenzed by the conglomerate of rolled Vindhyan pebbles already 
aUuded to. 

( 250 ) 
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Half a mile weat of the village of Bhitakhnl there it a better expo* 
Byawm near Bhira- Bijawura than usuaL The nlicioue 

, limestone is first seen with a variable dip. At 

one spot it dips south-west at 35^p at another, a little farther on, the 
dip i6 south-35^-east at 45°. Associated with it, in masses which appear 
to have a somewhat similar strike, is a purplish quartzite, which 
frequently encloses angular fragments of the limestone of various sizes ; 
presenting much the appearance that an igneous rock might produce 
if injected amongst crushed stmta. Of course the quartzite can 
scarcely be igneous in its origin. Even if it could be fused, its co- 
existence in the fluid state with carbonate of lime, without chemical 
change, would be incredible. It is a case, and a very remarkable 
one, of brecciation, of which so many instances occur amongst these 
beds. 


The limestone stretches for a long distance, and rests upon an opaque 
quartzite resembling vein-quartz : then follow thin grey grits all with the 
same dip of cleavage-lamination as the limestone. The next bed is a 
broad band of breccia, a magnificent rock for ornamental purposes,'tonsist- 
ing of angular fragments of milk-white quartz in a matrix of red 
jaspery horustone ( c). 

The fragments of quartzite are at times irregularly intermixed, 
at others in perfect order, stratum by stratum, but between eveiy 
little band, and in numerous cracks separating the angular fragments 
of which the strata are formed, occurs the red homstone as if injected. 
The appearance *is remarkable, and not easy of explanation, unless it 
be supposed that the' quartzite was crushed and the hornstone then 
deposited between the fragpnents. But the distance of the fragments 
of quartzite from each other is too great for this hypothesis to be 
satisfactory. 


(s). Tbii appears to resemble ibe Tirhowon breccia described by Mr. H. B. Medlloott^ 
in M. 0. 8. L Vol. II. 


M 
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VindhjTUis succeed to this bed. There is no reason for supposing the 

JmieUon rfYindhyrnf other than natural, and in that case there 

and Byawan. ^ UBual utter unconformity between the two 

seriesy the lamination of the Bijawnrs dipping apparently at a high angle 
to the Bouth-east while the overlying Vindhyans are inclined at a very 
low angle to the west or west-south- west 

The Vindhyans are whitish massive quartzites with irregular streaks 
and patches of purple, the latter apparently caused 

Chifmcter of Viodhy- 

•lu nortb-weit of Cbsnd- by the presence of iron. With these are associat- 

garh. 

ed thinly bedded quartzite sandstones^ containing 
small rounded fragments of micaceous shale, which resemble splashes in 
the rock ; these may originally have been rolled fragments of clay or silt. 
Along the scarp to the north, the most conspicuous beds, as usual, are 
the massive purplish quartzite-sandstones. 

A fine section of the Vindhyans is exhibited in the Nerbudda be- 


Bection of Vindbyans 
in Kerbndda. 


tween Chandgurh and Burwai. A portion of this 
has already been described in Mr. J. G. Medlicott's 


report, t but as the conclusions now arrived at are different to a very 
slight, though not unimportant extent, it will be well to redescribc the 


whole section. 


On the north bank of the Nerbudda, opposite to^the spot where the 

Tawa joins, and close to the village of Bauria, a 
Ponaiee iection. ^ > 

large block of Bijawnr limestone stands up in the 

bed of the river. Thence to the west trap, capped by the massive subreoent 

conglomentealreBdy mentioned, covers the section for some little distance. 

Pasdng down the river, the traps are seen to abut oguinat a mass of 

bedded hiecciated and conglomeritic quartzite, striking east-lO’-north, 

verticaL Along its aoutbem aide are a foot or two of softish aandy 

beds. It is sneoeeded on its northern nde by peculiar red nodqlar 

tiiqded qnartzose ahalea with interstratified flaggy aandstone^uartzite. 

A little Jhrtber weat, down the river, the same beds «te mneh omshed, 
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but just beyond they again continue steadily^ their strike beooniitig 
weBt-25^-south^ dip about 80° to the northward. About 100 yards 
further massive purplish sandstone-quartzites (a) rest upon these beds^ 



Fig. 3, Skotcli St^ction near PuUageo. 

a, Shalcy and sandy boils. rf. Shaley beds similar to a, 

b» Purple ibick-beddod sandstone-quartzite. p. Sandstone-quartzite like 6. 
r. Bod of massive uhitish quartzite. 

they are of a darker purple than usual, are coarsely rippled in places 
and dip from 50” to 80” in the same direction as the last. These are superbly 
seen opposite the village of Pullasee in an island of the Nerbudda, a ^etch 
section (Rg. 3.) of which is given above(d). There are slight evidences of 
faulting above and below the bod c, which is very massive, the beds 6 and 
near to it presenting a somewhat brecciated appearance, but this is most 
probably due to slight local dipping. Still d and . may be repetitions 
of a and 6, though appearances are not in favor of the assumption. 
Rippling is seen in all the beds, a included. On the north bank of the 
river, the massivf bed c can scarcely be traced, although the remainder 
of the section is perfectly similar. 

There appears much doubt if there be any faulting on a large scale 
in this spot. The beds are suddenly turned up at a high angle, and some 
contortion, smashing, and local slipping has resulted ; but the vertical 
dialey beds seen abutting against the breccia, are also seen associated 

(•). M. a. s. I. voi. n. p. 189. 

(t). SMdMM.O.S.I.VgLlI,p.8HfiK<l». 
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with similar breccia at the base of the Yindhyans in the Tawa, within 
half a mile to the southwanls. (a). 

From this point the dip to the westward decreases lapidly ; the 

• typical pnrplishj rippled^ quartzite sandstones with 

Section mw-Sakurghat . 

occasional shaley beds^ continue^ with a general low 

dip of 10*" or 15^ to the north-west, and west-north-west, for many miles. 

One or two slight rolls in the opposite direction take place, but the dip 

is, on the whole, pretty steady, till about 3 miles beyond Saknrghat. 

Here the river runs in a deep gorge through some magnificeDt wild 
scenery, the peculiar greenish water (p,) of the river contrasting with the 
massive purple rocks through which it flows. The beds below Saknrghat 
are "much disturbed, and at least one great line of fracture is crossed, which 
apparently strikes north-east — south-west. Towards Paimgurh the dip 
becomes steadier, and the bed of the river expands again, the beds ^dng 
still quartzite-sandstones ; conglomerates prevail near Worangagurfa. 

West of Paimgurh, the dip changes with a s}'nclinal curve. The 

Section of Run.. The loeke 

?“*■**• west of the synclinal are softer, but whether they 

axe higher in the series and brought down by a fault, or whether they 
replace the hard beds of Saknrghat is not quite 

Dbarce. 

clear. At IHiaree fine shaley sandstones and green- 
nish-grey silty beds, having a glistening suifiioG from the presence of 
small fragments of mica, are met with ; they are thinly stratified, with 
occasional layers of quartzite sandstone, and coarsely rippled — ^the r^ples 
in one place were 6 inches apart. 

(a). Theie riial^ bedi were conridered by Mr. J. G. Modlicott, 'Sab^kymoree*; 1 
m incliiicd to tbink ibem id integral portion of tbe Vindhyane. I waa however, diqmed, 
on tbe grovnde of mineral reaemblanoe^ to dam tbe breeda of tbia ipot and of the Taws, 
with the Byawnre. Mr. Mallet, in his anbseqnent examination, oonsidered it Vindhyan 
and be may very probably be ooneot, for, as seen in the above section, tbe shaley sandstme 
ocoor bdow tbebraoda (sontb of it) as well as above it. 

(S). The color of the Nerbndda appean Afferent Brom that of most Indian rivers, and 
lecalU that of glader-fed stfeuni. It is poibapebdgbtenedl^eentnst with tbe red rocks. 

(*54) 
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From Dharee to Bukkutgarh, the beds undulate^ no great thick- 
ness being exposed^ but a considerable change in colour takea plaocL 
The rocks pass down from red quartzite-sandstones mto grey quart- 
zite bedS| often shaley and flaggy and haying frequently a very 
compact appearance. These beds are often coarse and conglomeritio 
and contain jasper pebbles, • In places they have a peculiarly trappean 
aspect^ as if made up of trap detritus, and they weather into con- 
cretionary masses. Below Bukkutgurh the dip is 10*’ to 15° to the 
north of cast. The trappean-looking beds con- 

Bukkutgurli. ^ i * o 

tinue, associated with quartzose and conglomeritio 
bands, containing pebbles of jasper, red quartzite, and black chert. 
Markings like annelid tracks occur on the rippled surfaces of the 
beds. Some oblique lamination is seen. 



* OonhaijM Maharajah, 

JFtff. 4. The Idand of Mandata from the S. ihore of the Nerbudda above the Island, 
distant It miles. 

Below Mandata (Oonkaijee Maharaj), which island consists of 
these rocks, the typical quartzite-sandstones recur, 

Oonkaijee. 

aad form the base of the beds near Btmnu; 
they are massive purplish beds similar to Oiose seen near Chandgnzh. 
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NMT.Burwai, tfaej rest quite unconformably upon both Bijawon and 
metamoiphicB. 

In the streams running from the north into the Nerbudda some 

8ect»n»iii OorapMW wctions of Vindhyans are also seen. There 
and Kaiijrar itmim. however, no object to be gained in describing 

them in detail. In the Gorapachar streamy jnst above Peepria and the 
shrine of Sitabnndy and again on the Kanyar streamy south of the 
halting place known as Andhari-Bagh^ the Vindhyans are faulted 
against the Bijawurs, and the fault, which is a 

Fault between Vindhv- nr • i i » 

ana and Byawnn at continuation of the same in both places and 

Si^iin nd, &€• I «* • r* *1 

separates the two formations for many miles, must 
be of very considerable throw, probably many thousands of feet. 

Before returning to the Bijawurs, it is as well to mention the 

yii>dl> 5 .i> on Chonil «tremo north-west extension of the Vindhyans 
on the Chorul River, north of BurwaL They 
here rest upon Bijawurs and extend up the valley for some miles until 
covered by trap. The Chorul traverses them in a deep gorge, a constant 
occurrence in streams running through the Vindhyans, and due again 

FoniuitUm rf resistance to atmospheric disintegrating 

m the VindhToi.. action. In most rocks, the action of air and rain- 

water disintegrates the surface so rapidly that that suffiue is swept off 
and lowered by rain nearly as fast os the sar&oe of the solid rock is 
ground away by the action of running water and the detritos carried 
down by it. In such quartzites as the Vindhyans, the chemical action 
of rain and air are at a minimnra. 

In the Chorul, east of Bulwara, where Vindhyans replace the Bijawurs 
in the stream, it is not quite clear whether they are 
faulted or not, but a little farther northy in the bed 
of the ravineya fiiiilt distinctly traverses the VindhyanSy and strikes 6aBt-2D^- 
north. A mile or two farther up the streamy thqr ore covered up by trap. 

West of this no Vindhyans occur in iha Nerbudda vall^s 
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To return to the eastern and central part of the Dhar &Test and 
the area occupied by the Bijawurs. The Vindhyans, north-west of 
Coantiy oorth-weetof Chandgurh, stretch northward till th^ are overw 
Chandgurh. the trap. The soil resting^ upon them is 

red and sandy^ with numerous fragments of the quartzite sandstone 
scattered about ; the rock appears here and there at the surface. No 
sections are seen ; the country is singularly devoid of water-courses ; and 
is covered^ as usual upon the Vindhyans^ with thin tree jungle. 

The Bijawurs reappear south of the village of Kulrecj 12 miles 

VindhyanB and Bya- Kataphor. The Vindhyans here form the 

wurs neap Kulrec ^ email ridge known as Tengria hill, 

scarped towards the south-west, and having a low dip of I"" or 2^ to the 
southwards. The beds are mostly thin and rippled; some of them 
more of a sandstone, and less of a quartzite than is usual near the base 
of the Vindhyans in this country. The brow of the hill is formed of 
thick quartzite-sandstones ; these rest upon purple shaley schists, with 
distinct, nearly vertical cleavage, striking ea8t-10®-20®-north— west to 
10‘*-20'’-south. The bedding is distinctly seen Crossing the cleavage, and 
appears to dip to the north-east. Jointing is in two directions, north-east 
vertical, and about cast-10®-south dipping to the north at about 25®. 
Neither cleavage nor jointing are so well marked as in some slates. 

This bed clearly belongs to the Bijawurs. In the overlying Vin- 
dhyan quartzite, the cleavage of the slates appears represented to some 
extent by jointing and by small veins of quartz. 

At the western base of the hill, in a nulla, vertical bands of veined 
jasper and homstone occur, striking east and west, accompanied by 
sandy and calcareous beds. The relations of these to the slates are 
obscure. 

From this spot to near Eatkot the whole country is occupied 
CMinfay ftcmi Tengria ^7 *^0 rocks of the Bijawnr series. It is a wM 
UU to Katkot jangle, completeljr aniohabited j the soil upon 

these loeks, and the Vindhyans being too poor to invite agricoltural labor. 

( ) 
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On the road leading south-west from Mansingpoora 2 miles west of 

Boawiin,toath-weft of towards Sitabund and Oonkaijee, vertical 

ManttDgpoon. gtates are seen striking north-east followed by 

brown and reddish sandy beds^ containing quartz and homstone^ having 
a peculiar appearance^ and dipping irregularly towards the north. A 
little further on. in a nulla, close to the haltinir 

JharponL 

place called Jharpani^ these beds are succeeded 
by banded quartzite of dark colors, with a little jasper, and, 200 yards 
further down the stream, by breccia, containing red and grey homstone 
and limestone, the matrix, which constitutes by far the larger portion 
of the mass, being whitish hornstonc. These beds roll much, their 
general strike is east-north -east. Beneath them are limestones, similar to 
those seen north of Chandgurh, which extend for a long distance to the 
north and west. They consist of the usual thin, alternating, siliciouf and 
calcareous, bands ; the hard, silicious laminse weathering out strongly on the 
surface, and being frequently crumpled and wavy like the leaves of a book, 
when compressed from the side, although the general lamination is steady. 

South of Teugria hill, and east of Jharpaui, there is a considerable 
development of {leculiar soft breociated beds, some- 

Sonth of TengrU HilL ^ decomposed at the surface. They are doubt- 
less identical with some of those seen on the road from^Mansingpoora to 
Jharpani. They have no appearance of metamorpbism, yet contain 
irregular masses of quartz, similar to those in the lamination of the 
metamorphics. They also abound in small quartz veins. 

South of Jharpani, on the road to Sitabund, purplish and pale dove- 
coloured slates are seen ; near them are very fine- 

Bouih of JbarponL 

grained, hard, shaley sandstones, purplish- or bluish- 
grey to brown in colour, unaltered and distinctly stratified:. Some of the 
breemated quartzose rock, so prevalent to the east, also occurs east of the 
road and north-north-west of Leemonpoor. South 

TiSiiinoiinnor 

of the above-mentioned rocks are some white and 
dove-coloured talcose slates, and then the iypical rilicious limestone, of 
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vliich, seemingly, a great thickness oooors. All these beds strike 
steadily to east-lO'-north, and are either vertioal or inclined at a very 
high angle to the south. 

As already mentioned, these rocks ate seen fiiulted against the 
Yindhyans in the Gorapaohar and Kanyar streams 

Section of Byawnrs 

in Kanyar riYer above In the latter a fine section of the Bijawuis is 
Andhari Baght 

exposed between Andhari Bagh^ a halting place, 
and the village of Chundpooraj a distance of 6 or 6 miles. The fault 
bounding the Yindhyans is crossed a little - south of Andhari 
Bagh, and, at that place, Bijawur limestone of the usual laminated 
character occurs. A quarter of a mile to the north, there is a 
singular mixture of this rock Vith a yellow, sandy, and conglon^ldritic 

Bemarkable bncccia ^^®<Jcia. Huge masses of each rock occur surrounded 
by the other. The breccia contains rounded 
masses of a cavernous quartzite and of black homstone, and a few of 
ordinaiy white or coloured quartzite, (occasionally resembling Vindhyan,) 
as well as angular blocks of quartzite and limestone. The breccia and 
the limestone are perfectly distinct, and do not pass into each other, yet 
they are most strangely mixed together. The blocks of limestone con- 
tained in the breccia are smashed and the cracks filled with the yellow 
sandstone, which forms the matrix of the breccia, and which seems dis- 
tinctly to consist of grains of sand. 

The lamination of the limestone, as shewn by the quartzose layers. 

Lamination of limertone “ “^ch contorted, and does not appear ataUto 
not due to bedding. eorretpond with the line of junction qfthe two roeie. 

It is thus clearly due to cleavage and not to bedding. 

It is difficult to give an adequate idea of this very singular fonna- 
tion. The quartz is partly in contorted and brecciated laminse, partly 
irregularly dispersed, partly in rounded masses. In some places, the 
appeaxanoe of brecoiation appears due to diemical change, which is ex- 
posed by weathering; portions of the beds, being harder andmoio 
N ( W9) 
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Soatb of Katkot. 


liomogeneotifi than the rest of the rock, weather out into angular blodu. 
Hie matrix is always the same ; a yellow sandstone. 

Alternations of this breccia and of the limestone occur throughout 
the section. The limestone is, as usual, laminated, but not contorted. 
Occasionally, as in the Tawa, the lamination appears concentric instead 
of being in parallel planes. 

North-west of Andhari Bagh, homstone-breccia occurs, and 
North-wcft of An- again in a hill of some height, west-south-west 
dbari Bagh. Andhari Bagh, and south of the deserted 

village of Mendikhaira. Tins hill, however, is within the Vindhyan 
boundary, and as that boimdary b a fault of considerable extent, 
it appears probable that this breceia may belong to the Vin- 
dhyans. ^ 

Further west than Mendikhaira, and south of Katkot, talcose 
slatey schists, green and purple, are found just 
north of the Vindhyan boundary. The Bijawurs 
are then covered up by Vindhyans, which run up the valley of the 
Chorul, as already described, and the trap comes in upon the Vin- 
dhyans in broad patches. 

On the north of this tract of Bijawurs a small patch of granite 
Granite near Mirza- (protogene) occurs in one of the branches of the 
Kanyar, near the village of Mirzapoor. It is 
largely crystallized, and contains chlorite, but no mica. It is overlaid 
the sandstones presently to be mentioned, and by trap« This granitic 
rook only continues for about half a mile down the stream, and is then 
abruptly succeeded by Bijawur limestones. The junction is not seen, 
but the limestone, 50 yards from the granite, appears quite unaltered 
by it, and no vems of the granite are seen in the limestone. It does 
not appear probable, therefore, that the granite is intrusive, but 
whether the limestone rests upon it natorally, or whether the two rooki 
jue separated by a.Auilt, it is impoatible to say. 

i m ) 
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Furiher west a similar small exposure of syenite was seen, but its 
relations were equally obscure. Possibly^ other 
Syenite mlicr. patches might be found if close search were 

made. The position of the two seen along the same line^ is rather in favour 
of their being part of the same area of metamorphic rock^ brought up 
by a fault striking east-north-east. 

The traps north of the Dhar forest are perfectly horizontal^ and^ 
Traps north of Dhar lower flows at least, very massive and 

columnar. 

A remarkable columnar trap dyke occurs about half a mile north of 


the small village of Fullasee, and about eight miles 
Columnar trap dykes- Kataphor. It forms a ridge-shaped .fise 

of no very great extent, the top being a mass of columns inclined 
slightly to the north. They lie perfectly loose, having been rendered 
so by weathering, and are very regular in shape, mostly pentagonal 
or trapezoidal, rarely hexagonal. They average 1 foot to 1 foot 3 inches 
in diameter. Columns 6 and 8 feet long without a crack abound. 


A still more extraordinary dyke intersects the Vindhyans to the 
north of Dharee, and may be mentioned here. It may be traced for 
several miles across the country forming a series of elevations. The 
columns are equally perfect with those in the Pullasee dyke, but they 
vary in direction, being generally nearly horizontal, but sometimes 
inclined at various angles, sometimes even perpendicular. 

Between the traps and the Bijawurs, along the north and west of 
, XI the Dhar forest, peculiar soft sandstones and con- 

Sandstones along tlio ^ 

north edge ofDharforeat. giomerates intervene, which increase in amount 

to the westward. They are not observed to the east of Rattee Talao, 
though a closer search may shew that they extend farther in that direo- 
tion. Some sandy travertine-like beds which were indistinctiy seen south 
of Sataphor, and about I mile north of the village of Pora, may perhaps 
belong to this series, but it appears more probable that they ate 
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interstratified with the traps. As all the ground in the neighbourhood 
is covered with cotton-soil, the relations of the beds are very obscure. 

About 2 miles east of Mirzapoor, coarse gritty sandstone is first 
met with. At Mirzapoor 30 or 40 feet of con- 

Near Mimpocir. 

glomerate, of a dark colour, is seen resting upon 
the granite, and covered by trap, which altei^s the uppermost part into 
a quartzite. In the Kanyar, a little above Mirzapoor, at Mowripoora, 
coarse quartzosc and tine argillaceous sandstones occur, the former white, 
the latter purplish and mottled, false-bedded, but apparently dipping at a 
low angle to the south. These beds arc very soft. Some low hills higher 
up the stream are of the same sandstone capped and hardened by trap. 

West of Mirzanocr, the conglomerates and sandstones cover a 

considerable space along the base of the hills. The pebbles in the Cott- 
le 

glomerate are mostly of quartzite, some, but not the majority, being of 
the t}*pical Yindhyan colour. Jasper also occurs in considcTable quanti- 
ties ; the beds liavc much the appearance of Mahadevas. 

These rocks are traced to Katkot. They may not perhaps be continuous 

as represented on the map, hut they are certainly 
Xear Kiitiot. ^ , 

yevy nearly so. Around Katkot they spread over a 

large area, and are met with for four or five miles to the east of the 
village. Very little rock is exposed, but, in the few sections which 
occur, soft sandstone or conglomerate is seen, except near the village 
itself, where some yellowish earthy limestone occurs. South of the 
village, in some nullahs, fine, soft, brownish, red and cinereous sandstone 
is seen, somewhat resembling some of the finer sandstones of the Damuda 
rocks. Clays also occur, mottled or purplish, as in the infra-trappean 
rodu to the west of Baitool. Near Katkot these clays contain fragment- 
ary carbonaceous markings. All the beds are horizontal, so, probably, 
no great thickness exists. 

There con be little doubt in assigning these rocks to the cretaceous 
series, so much more largely developed further to the west. 
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Near Barwai in the vall^ of the Choral, there are aome very 
interesting exposures of different rocks. Bijawors^ 

NoarBurwai. i <11 <■ . 

Ymdhyans, cretaceous heds^ trap and mtertrap- 
peans all occur, and metamorphics are found in the Nerbudda about 
three milos from the town. 

The metamorphics in the Nerbudda are faulted against the Bijawurs ; 
homblend schists belonging to the former, coming against breccia, dipping 
at 50° the south-west belonging to the latter. The homblend schists 
arc striking east-lC'-north vertical; these schists contain small veins of 
quartz and d^kes of a trapx>ean rock. This is close to the western ter- 
mination of the rocky channel, narrowing in places to a gorge, through 
which the Nerbudda nms from near Hindia; at Burwai the river ''nee 
more emerges into an open plain and the banks only expose sections 
of alluMum. The accompanymg woodcut, (Fig. 5) from one of 



Fig 5. Gorge ot the Nerbudda, uoar Hurwai, irom the west. 

Mr. Wynne's sketches, gives a view of this termination of the gorge just 
above Burwai ; the prominent bluffs on each side of the river consisting 
of Bijawur breccia, which is faulted against the metamorphics beyond. 
Close to this spot it has been proposed to build a bridge across the river. 
A little farther north, on the road from Burwai to Oonka^ee, the 
homblendic rocks are succeeded by whitish, slatey schists, with a very 
different strike, west-15*’-north. In these, lamiiise and irregular layera 
of quartz occur as in the fiijawurs. 
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South-east and south of Burwd all is trap^ two or more exposures 
of intertrappean limestone occur ; one in especial, on the left (cast) bank 
of the stream, abounds in PAjris Prinsepii, both the elongate and the 
tumid forms occurring. 

In the Chorul, east and north-east of Burwai, there is an excellent 
section of the Bijawur rocks, entirely breccia and limestone of the usual 
types. Crushing is seen amongst the breccia, precisely as in the Kanyar 
near Andhari Bagh. 

The base of the traps here is very irregular. The cretaceous beds 
only underlie them in patches ; frequently the trap rests directly upon 
either the Bijawurs or the Vindhyans. A better study of unconformity 
could not be wished than around Burwai — Vindhyans upon metamorphics 
and Bijawurs, cretaceous beds upon Bijawurs and Vindhyans, trap upon 
all four, each unconformablc upon the other, though the degree of un- 
conformity varies in each case. 

In some cases, a few ill-marked fosbilb occur in the cretaceous beds. 

Fomnln in infra trap- fragmentary, but broken pieces of 

shells were found sufficiently marked to show the 
presence of marine species. About half a mile east of the Cborul on the 
road from Burwai to Mandata, in a ravine just north of the road, trap 
is seen resting on a horizontal bed of sandstone and conglomerate, 
probably calcareous, and much hardened by the volcanic rock. The 
fracture is peculiar, exhibiting a glistening surface when held in particular 
directions, as thongh some mineral (carbonate of lime ?) were crystallized 
throughout the mass. Fragments of an univalve and of a very thick bivalve 
abound, bat no perfect specimens oonld bo found. It is possible that these 
shells are Physa and^Unio, and that the bed belongs to the trappean series, 
more probable that the fossils are marine and the limestone cretaceous : 
it thins out within two or three yards, and the trap then rests upon schists. 

At ^mother spot, about a mile north of Burwai and west of the high 
road to Mhow, there is a considerable inlier of Bijawur beds surrounded 
by trap. Jost west of a small rise of trap, fragments of a reddish 
foBsiliferouB limestone were met with, in which fragments, apparently of 
( 264 ) 
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an Ammonite and BelemnitOj oystersi a small bivalve Tesembling' Jiiarte, 
a Terebratula and fossilized woodj were found — serving to identify the beds 
as belonging to the Bagh cretaceous series. 

In the Bijawurs of this same patch, iron ore abounds in a brecciated 

, . rock, consisting of irregular fragments of brown 

Iron ore m Bijawnre. o o -o ^ 

haematite and quartz in a ferruginous matrix. These 
supplied ore for some time to the Burwai Iron Works. It is by no means 
clear, however, whether the ores are an integral part of the rook, or merely 
the surface impregnated with oxide of iron. The officers engaged in the 
works were inclined to take the latter view, and the excavations were 
not sufficiently deep to settle the question. 

All to the north and west, for very many miles, is trap. No '’rocks 
of older age re-appear till west of Mandoo. 


Bocks. 


Section 4. — Neebudda valley south op the bivee, feom the smallee 
TaWA on the east, to the JhEEKHUL on the west, INCLUDINa 
THE Buewanes Hills. 

The whole of this country, with the sole exception of one flTrtftll strip 
in the immediate neighbourhood of the river, be- 
tween the Tawa and Burwai, consists of trap. The 
excepted tract is composed of Yindhyans, being a portion of the area 
occupied by those beds in the Dhar forest. . 

Close to the Tawa, and just south of the village of Bijulpoor, there 
is a small patch of granite or granitoid gneiss. 
ipeanUmeii^erarBy^- To the south of it, intervening between it and the 
trap, is impure nodular gritty limestone, which may 
possibly be intertrappean, but which appears to resemble the upper Umestone 
of the Bagh beds more closely than any other formation. It contains wmaiT} 
fragments of quartz and felspar, bemdes minute portions of fossil wood^ 
No distinct organisms could be made out, some markingB resembling 
fragments pf shells were seen, but their nature could not be deteimintil. 
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* This bed is also seen at Nagpoor on the Tawa where it is in parts 
decidedly oonglomeritic^ containing quartzite peb* 
Ketr Nagpoor. ^ considerable quantities. In a nuUah on the 

west side of the river, just above ^ Bofb white sandstone with 

ferruginous conglomerate beneath it, about 1 foot in thickness, and ap- 
parently lower in position than the limestone, is seen resting upon 
metamoiphic rocks. This much strengthens the probability of the whole 
belonging to the Bagh beds. 

North of the little patch of metamorphics, and just south of the 
village of Bijulpoor, Vindhyans come in, and at the village trap occurs. 
No intervening beds are seen. The sketch section below (Fig. 6) will 
illustrate the relation of the beds 

Fig. 6. 6= 





■ ‘ V W' . 


1. Trap. 2. Inft«>tnppean limeiione. 8. Vindhjaiif. 4. Ketamorphioi. 

To the north of Bijulpoor Vindhyans re-emerge almost immediately 

Tindhjaiia noiih of beneath the traps and rise into hills which 

Bgnlpoor. continue steadily to the westward. The beds are 

undulating and resemble precisely those already described on the north 
bank of the river. 

Just west of Foonassa near the village of Bhorla, a considerable 
of ground is covered with sedimentary rocks, apparently of the 
same age as the Bagh beds, and intervening 
between the trap and the Vindhyans. Atthetankf 
dose to Bhorla, poroelanic day is seen, probably hardened by trap which 
is in* plaee dose by. Just west of Bhorla, massive nodular grey lime- 
stone in horizontal beds crops out on the north aide of the road to TsUea. 
This appears to be higher in position than the day, and may possibly, kl 
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parts at leasts be intertrappeaDj more especiallj as blodm of typical 
intertrappean ‘ beds with the usual fossils {pypriie^ and plant remains) 
occur near Taklee. The Bhorla limestone contains irregular cherty lumps 
and firagments of fossil shells in abundance, (s) 

To the north of the tank^ the ground is covered by black soil. 
About i or } mile north of Bhorla the Vindhyans crop out. Just 
south of them, and resting upon them^ are sandstones and conglomerates 
preciselv similar to those underlying the traps in Dhar forest^ and to 
the beds of Alumpoor, north*west of Baitool. There can therefore be 
little question about the occurrence in this spot of beds of cretaceous 
age. 

Some of the conglomeritic sandstones north of Bhorla have very 
much the appearance of the Yindhyans, an 

Cretncoons IxmIh formed 

from detritus of Vindhy- appearance due to their being composed principally, 
if not entirely^ of detritus derived from those beds. 
On closer examination the diflerence is easily seen^ the Vindhyans are 
denscj homogeneous and compact^ scarcely a trace of structure being 
discoverable^ while the separate grains of which the cretaceous beds are 
formed may be distinguibhed in general with the naked eye. The jungle 
covering the two rocks also is very distinct. Here, as elsewhere, that on 
the Vindhyans, is characterized by the absence of underwood, the thinness 
of the grass, and the prevalence of the S41ee (Bomellia ihuriferaj^ which 
in places is almost the only tree, while the jungle on the cretaceous beds 
is varied in kind, and both grass and underwood are thick and luxuriant. 

Vindhyans continue nearly as far west as to opposite Burwai and end 

VindhyanB norfh-weet ^ spot where they cease on the north 

of PoonasM. bank of the river. A few patches of overlying 

trap occur upon them. They present no features of interest. 

(a). Mr. Wyxine obtained marine fbeailB from Bhorla, but it is not quite certain from what 
portion of the limeetone. It waa before the beds of this part of the country were well known. 
It it dear that both intertnppeant and cretaoeous beda occur at this ^i. 


0 


( 267 ) 




106 


W. BLANFOBO, WSSTBRN IRDU. 


[Past II. 


Benuunder of SecUon. 


With the exception of the small tract just briefly desoribedj the 
whole of the country comprised iA this section 
consists of trap. Near the riTer, accumnlationB of 
cotton-soil, sometimes of considerable thickness, are of frequent occur- 
rence between Burwai and Burwanee. West of the latter town, all the 
country is very hilly, and the river runs through a deep rocky gorge. 

Throughout by fSeur the greater portion of this tract, the traps appear 
Dip of tnpt in Nimw to be horizontal. The exceptions are to the east in 
and itetpom hilia. Nimar, where they have a low south dip, so small 

in the neighbourhood of Kundwa as to be scarcely perceptible, and in 
the Satpoora bilk west of Asdergurh. Beneath that fortress itself the 
beds are horizontal, but in the low hills immediately to the west, there 
is a strong southern dip, in places amounting to as much as 10** or 15**. 
This is an exception, but low dips of 2® or 3* prevail largely thro^houi 
the range, both on the Rhandeish and on the Nimar side. 

Beds of volcanic ash are of frequent occurrence, and occasional strata 
of red bole are met uith. With these exceptions 
the whole of the broad undulating plain of Nimar 
consists of various forms of basalt, usually more or less amygdoloidal. On 
the railway from Boorhanpoor to the Nerbudda plain, there are no sections 
of any importance, and very few are seen on the sides of the low hills 
which occur here and there thronghout the connU}*, the surface of the trap 
being generaUy much decomposed and concealed. 

In the Burwanee hilk, which contain the highest bilk in the Satpoora 
range west of Aseergurh, the traps are horizontal. 
In the valley of the 6oi river near Pattee and Sil- 
lawnd, between the Ooi and the Nerbndda, and west of the mouth of the 
Goi, near the villages of Ooongsi, Borkheira and Beejaaun, pecnliar brec* 
ciated veins ooenr in the traps frequently forming 
the crests of ridges, which, from their diarp craggy 
shape, contrast with the usoal flat-topped trap hilk. Tbk contrast in 
( 268 ) 
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oaUine is seen jnst uhoYB Hirtin Pall, looking down the river 
(see Plate VIII). The massive fiat-topped trap hills of Burwanee on the 
left of the view and the ridges due to the breociated veins just noticed on 
the right. Hie breccia in these veins is usually highly calcareous ; aU 
have nearly the same direction east-10° — fiO^^-north, and they are probably 
due to small faults. 

The hill of Toorun Mul believed to be the highest of the Saipoora (a) 
_ ^ . has a table land upon the top of considerable length, 

but of no great breadth, as is frequently the case 
with the trap hills. This spot was formerly used (as a retreat during the 
hot season in all probability) by the rulers of Mandoo, and a splendid 
piece of water still exists about three-fourths of a 

Tank on Tooran Mul. 

mile long. This tank, for such it is, is deeply 
retained by an artificial bund of considerable size. An idea, however, 
commonly prevails that the hollow containing the water is an ancient 
crater, and to a report of its existence is probably due the statement in 
Captain Dangerfield^s Appendix to Sir John Malcolm^s ^ Central India^ of 
the supposed existence of craters in the Rajpeepla hills. (3) 

Section 5.— Country around Baitool with the Upper Taptbe val- 
ley. From the eastern boundary of the map to Boorhanpoor, 

AND FROM THE DIVIDING RANGE SOUTH OF THE NeRBUDDA TO THE 
PLAINS OF THE POORNA IN BeRAR, INCLUDING THE GaWILGURH 
HILLS. 

This section consists principally of the upper drainage area of the 

Taptee. as distinguished from that of its great 
Area induded. ^ 

aQuent, the Pooma. A small portion of the coun- 
tiy drained by the tributaries of the greater Tawa, and therefore within 

(a). It if nearly 4^000 ft. in Height. The aneroid at 8 p. m. on April 12th, 1864^ atood 
at 86*8k thermometer 88^ 

(8). Vol. II, p. 826. See ante, p. 7. 
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the Nerbnddm wstenlied, it alto included. To the eati and norfli the 
oountiy it comprised in Mr. J. tr. Medlicott's map in Vol. II of 
these Memoirs, which bounds the northern parts of the present area, 
ahile furth^ south the boundary is that of Sheet 64 of the Indian 
Atlas. 

All the southern and western portions of this area are of trap. 

Around Baitool, and for some distance west of 

Rockf. 

that town, infra-trappean rocks arc met with. 

Although many parts of the map appended arc deficient in topo- 
grspby, this tract near Baitool is especially inao- 

Topognpiij and 

Bup only approx- curate. No topog^phical map had ever been 
made, and time did not allow of a sketch map 
>>ein^ constructed, except one so rough as to be merely an indication. 
The geological lines are therefore only the very roughest approximy^ion. 

The extreme north-east comer of Atlas Sheet* No. 51 is in the 
Tawa vall^, within Mr. Medlieott’s maj). South of this is a belt of 
high ground UT>on which Baitool stands. To the 

Conntry near BaitooL 

north this is composed of metamor|)hic rocks : to 

the south all is trap. 

The boundary of these rocks from Amla to Sohagpoor and thence 
westward south of Baitool is natural and not faulted. Its features are 
well marked, the traps rising in a continuous range*, flat topped, as usual, 
to the south, while the very granitoid metamoq»hic8 either occupy a 
level plain or form isolated hills and short ranges. Upon some of the 
latter, outliers of trap occur, but they are of no great size. At one 
spot there is a small patch of conglomerate between the base of the 
trap and the metamorphics. 

Gneiss, rather less granitoid than further east, but still highly 
crystalline, forms the hills stretching across to the north of the civil 
station of Budnoor. Some crystalline limestone was found in them. 


* llii^ portion in bUuik in the AUu Sbeet. 
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but it was so much intennixed with felspar as to be useless for buining 
into lime. 4 

The highly cultivated plain of Baitool is composed of a thick 

alluvial deposit, entirely devoid of blaok soil.^ It 

Plidn of Baitool. . , , , . n ^ j 

IS traversed by the upper portion of the Maxima 

river^ a tributary of the Tawa. The range of low trap hills already 

mentioned bound this valley to the souths and foim^ in faot^ the parting 

ridge between its drainage and that of the Taptee. 

Along this low scarp the beds of trap ore^ in part^ horizontal^ in 

Trap hUls south of ® southem dip. 

For some distance along the range there is a bed, 

and in places, probably, two beds of intertrappean sedimentary deposits 
abounding in fossils. The most eastern locality 

Intertrappeans, ^ , 

where this is seen is east of Bayawadi; beyond 
that to the eastward the intertrappean band probably thins out. An 
unfosbiliferous calcareous mass was met with near Khappa, still further 
cast, but it was at a higher level, and, if belonging to an intertrappean 
bed, must have been part of a distinct stratum from that seen at 
Bayawadi. About Sohagpoor and further east no trace of any intertrap- 
pean bed could be found. 

The fossiliferous bed is best exposed near the village of Loharee, and on 
the sides of the rood from Baitool to Dholun and Mausood. At the top 
of the Ghat, upon this road, there are many scattered fragments con- 
taining shells, wood, cyprides, &c., but no bed is seen in place. On the 
face of the hill, however, a few feet below the top, there is a bed scaredy 
distinguishable in mineral character from the trap, from the debris 
of which it appears to have been composed, but abounding in fossils, 
especially Prmsepii, Lymnea, Paludina, Falvaia, and plants. 

Lower down there is a thin band of very silicious rock, resembling 

* ThU ifi one of numorous iuBtanceB in which the boundary of the traps is the bound- 
ary of the black soil also. See the Chapter devoted to soils j ante p. 72. 
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honiBtone^ also abounding in ahella. It ia not quite dear tbat tbit bed 
18 distinct from the upper one, bat it has much the iqipeaianoe of being 
BO, and it ie highly probable that the fragments found on the top of the 
Ghat are from a still higher bed. 

The principal eedimentaiy band was seen in place at Soorgaon, and 
traced by fragments further. The same, or another occurs also south 
of Keiree, on the road leading south to the Taptee (the Baitbol and 
Elliehpoor road), and again south of the river, near the top of the Ghat 
ascending to the table land. It abounds in fossils everywhere. 

The traps south of Baitool are mostly horizontal until the neigh- 

Dipof tnpi Iinith or of warp at the verge of the Berar 

^^***'^ plain. The characters of the beds of that scarp 

will be best described hereafter in treatmg of the Pooma and Wurda 
Tallies. 


To the west of Baitool the metamorphic rocks disappear gradually 
beneath the trap, not being all covered up at 
West of Baitool. ^ ^ south, but stretching in vallies far 

within the trap hills. Between the two series also in this direction con- 
glomerates and sandstones are met with, which represent similar beds 
in the Dhar forest and elsewhere, and arc almost certainly represent- 
atives of the Bagh beds. 

Commencing north-west of Baitool, the sandstone represented 
on the very edge of Mr. Medlicott^s map near 
is about 100 feet thick, coarse and 
conglomeritic in part, and resembling that on the 
top of Buttunmul hill; north of Chota Oodipoor, and that of the Dhar 
forest. Like them it contains small pebbles of red jasper. It forms, 
near Koprabanee, a «mall plain on the top of a rise of metamorphic 
rook. It is represented by Mr. Medlicott as Mahadeva, a circumstance 
which is in favor of the identification of that formation with the ore* 
taoeous beds of Bagh. 
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Alnmpoor. 


At Chiklee^ south-east of Eoprabanee^ there is no sandstone «t the 
site of the present village^ and trap rests direotly 
^^*‘**^' upon the' metamoiphics. Just south, however, at 

the old site, the sandstone recurs, and extends away to the south towards 
Alumpoor, east- of which village it becomes much thicker, and coven 
a tract of country extending for about three miles along the Chicholee 
and Baitool road. Very little, however, is seen at the surface. A well 
at Alumpoor, sunk just south of the road, passed 
Alumpoor. through a few feet of trap, and was then dug 

for at least 25 feet through argillaceous sandstone, bright brick-red in 
colour, but in part mottled with white and lilac. The greater part of 
the sandstone is coarse and conglomcritic, but argillaceous bands ^ red 
or purple in colour, occur occasionally.'^ Some of the sandstones are 
hard, massive, and white in colour, like those of Salbaldee in Berar. The 
whole thickness must be considerable. South of 
South of Alumpoor. Alumpoor the boundaries of all the rocks are far 

more intricate in reality than they are represented on the map, which, as 
before remarked, is only a rough approximation. The areas of sandstone 
and metamorphics are, in reality, dotted over with outliers of the higher 
formations, and the lower beds are exposed frequently within the main 
boundary of the traps. * 

There must be a great thickness of sandstone in the valley of 
Ehattapani and Ehamapoor. The beds are mas- 
Ehattaponi. distinctly bedded, and have a general 

dip to the south. On the hills south-west of Ehattapani a comparativdy 
thin band of horizontal conglomerate is alone met with. This is in fibvor 
of the Ehattapani sandstones being something distinct. 

Similar beds to the last, and with the same dose resemblanoe 
to the conglomerates of Chiklee, are traced between the traps and 


a Xt ii poHible that theie rodks may he the i 


) as thoie of Kamptee near Kagpooc^^ 
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metimorphics south of the TViptee. They are constantly oonglomeritic, 
containing pebbles of yarious coloured quartaitesi red jasper, &c. They 
are not felspathic, nor do they contain calcareous or ferruginous concre- 
tions. At Borec, close to the road leading through Jeon to Keirec, some 
of the sandstone is so much mixed with silica as to be in part converted 
into chert. This has been shown to be a common character in the Bagh 
and Lamcta beda 

There is a peculiar inlicr of metamorphics and sandstone exposed in 
the Taptee south-west of Baitool. To the north 

I&lkr in Taptee. 

about Chiklee, Alumpoor, &c., the traps are hori- 
zontal, but th^ roll over to the south just north of the river, and the 
lower rocks arc, for the most part, concealed by them. The Taptee, 
however, runs in a deep narrow gorge, in the bottom of which the infro- 
trappean rocks are exposed again. At the eastern extremity, which K near 
Keiree, no sandstone occurs, but a few miles to the west it comes in, and 
continues to be exposed further to the west than tlic metamoq>hic8 arc. 
On the road from Baitool to Ellichpoor this trough of mctamoq)hic rocks 
is crossed, and the base of the traj) south of the river ajipears to be 
decidedly lower than to the north, showing the shaqi southern dip of the 
base of the traps. Here the river runs from cast to west, but a little 
higher up it runs from the south, and, just, above the turn, the traps 
alone occur in the river Led, the top of the metamorphics having dipped 
under them. 

Some fair sections of the sandstone arc seen in the Taptee. The 


beds appear to vary much in thfckness. About 
in Tiptee they have a considerable vertical develop- 

ment ; a little tarther to the west thqr must be 
mneb thinner. The beds arc in general compact, often very hard, white 
or brownish in colonr, and occasionally of various shades of red, the 
uppermost beds especially being often variegated with different tints, red, 
orange, and brown. Near Batimati soft argillaceous beds oocur of a 
( 874 ) 
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bright briok-red colour^! resembling the uppermost seen in the well ttt 
Alumpoor. 

The sandstones end out about 20 miles above Melghat^ and no 
beds from beneath the traps emerge thenceforward 
throughout the whole course of the Tsptee. The 
bed of the river from Melghat to Boorhanpoor 
presents no peculiar geological interest. Basaltic columns occur in two 
or three places near Melghat^ and they appear to be as common here as 
they are in the lowest beds of trap beneath the Malwa plateau. These 
Taptee beds must also be 'amongst the oldest of the lava flows. Some of 
the best basaltic columns are seen about two miles above Melghat, and 
again lower down near the small village of Hurda. 

Passing down the river, alluvium begins to be found in con- 
siderable quantities near Sindwal, and to form a large proportion of 
the river’s bank. It gradually increases in amount; and covers more 
of the adjoining country. Still there is no continuous alluvial plain 
along the river till near Boorhanpoor. The alluvium presents the usual 
characters. 

The hills north of the Taptee between Melghat and Boorhanpoor 
WT.« m ^ great height. They consist entirely of 

trap. The great Gawilgurh range between the 
Pooma and the Taptee is entirely composed of basaltic rocks. The beds 
along the southern border dip to the north ; the 

Gawilgurh range, 

features of the scarp will be noticed in the next 
section. Near the Taptee the dips, when any are seen, are to the 
southward. Only the verge of these hills was examined, but in the 
streams running from them none but trap pebbles could be found.^ 

* There was one exception : in the Sipna Nuddi close to its junction with the Taptee^ 
I ihund a large unrolled fragment of quartzite, five or six inches across. As I oonld End 
no more, and no rolled pebbles occurred, I do not think an j quartzite can be In place in the 
ealleyofthe stream. There is no quartzite known anywhere near the spot except the 
fragments brought down by the Taptee, ai^ I am at a Ices to account fbr the ooeuTrenee. 
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SicnoN 0 .— Thk Pooma tallet vith a bhau. voxnas oi rax 

WrROA TAliLET, BEnrO THE BOCTHEEH FOBTIOK OV SHEET 64 Of 

THE Ikdiak Atlas. 

This section, as regards area, is one of the largest of all, hnt its 

geological interest is scarcely’ in proportion to its 
Grncml description. * • #» i 

fiize. It embraces the greater portion of the 

districts of East and West Berar and, on its extreme oastem edge 

beyond the Wurda, a very small strip of the Nagpoor district in the 

Central Provinces. By far the latest portion of the area is composed 

of the great alluvial plain of the Pooma, bounded on the north by the 

escarpment of the Gawilgurh hills, and on the south by the trap rises 

which lead to the Deccan plateau, and which, to the westward, near 

Adjnnta, rise much more abruptly than they do further to the cost. 

The only other hills occurring in this tract are a small mass of n(^ great 

height, south-east of Oomrai^iittce. 

The alluvial plain of the Pi^oma, though not equal in length to that 
of the Nerbudda above Ilobliuiigabad, exceeds it in 

Alluvial plain of Poorna. 

width, Ijcing 40 miles across where broadest.* The 
boundaries of the alluvium cannot, of course, be laid dou’n al^olutely, since 
there is, in all such cases, a gradual passage from a tract completely covered 
by clays and gravels to one partially covered, in which the underlying 
rocks begin to appear here and there in stream sections, wells, &c., and 
from this again to rocky ground. The boundaiy has been drawn approxi- 
mately where rock oonuncnces to be seen in the streams and hollows. 

Besides the features of the low country, those of tl\e southern 
fkmth Mup of GswU- Gawilgurh hills may also be included 

garb bills. iix this section. It is along the base of this 

nnge done that any rocks of older date than the traps appear within 
the area of Northern Berar, and the rocks seen amount only to a few 
isolated inliers in the north-east comer of the Pooma valley. Thejr 

* Tbs gnsktst breodtb of tbc Nerbndils {dain is about 85 mlVas. 
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wiU reedre atteation first of all, both on aoeonnt of thdr poBiti<m and 
of the interest attaching to them. 

The main portion of the scarp thronghont is, of coarse, of trap. East 

SandBtonM. *c.. north. ElHchpoor, however, when loolriDg towards the 
Mit of KUichpoor. ^he southwards, while the higher portions 

present the flat tops and marked terraces^ and are covered by the dried grass 
and thin tree jungle so characteristic of the traps^ a fringe of lower rooky 
hills^ much darker in colour^ and covered with tree jungle^ bamboos^ &Cs, 
is conspicuous in the foreground. These hills are composed of sandstone 
(Plate 4) . Their southern boundary is a faulty evidently of considerable size^ 
immediately south of which trap re-appears throughout. In one place meta- 
morphics occur north of the principal faulty but apparently themselves separ- 
ated by a fault from the sandstones^ the base of which is not seen anywhere. 

These sandstones are first met with to the eastward close to the 

extremity of Sheet 54 and of the present map.^ 
Near Mankapoor, &c, ^ * 

A narrow strip of beds^ much tilted np and 

indeed nearly vertical^ only 50 to 100 yards in breadth^ occurs for a mile 

along the faulty north-east of Mankapoor. They are then not sees 

for a short distance, but come in again about half a mile east of Koom- 

durra, and are here somewhat broader and less disturbed. After about a 

mile they are again cut out, hut re-appear after a short interval just 

east of ThuUotee, and thence extend for several miles to the westward. 

A fair section of these sedimentary beds is seen near Dhabka, in 
a stream running past that village and ThuUotee. 

The topmost bed is the usual calcareous sandstone with cherty 

blocks, so typical both of the Lameta and Baerh 
Section near Dhabka. , , ^ ^ 

beds. Beneath this is a fine white or grayish 

felspathic sandstone. Each of these beds is between 4 and 5 feet thick. 

The next bed in descending order is an impure earthy, rather gritty 

sandstone, greenirii in colour, abounding in irregular lumps and nodules 

P The country thrther to the eaatwaid was not examined, and it ia not known if aiy 
more expoiuros occur in that direction. 
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of quartz, bo that a weathered surface resembles granite at the first 
glance. This is a very massive bed, veiy argiUaoeons in parts, about 
30 feet in thickness. At the base me 6 or 8 feet of a peculiar mottled 
femiginous sandstone, green and red in colour, the red portions diiefly 
composed of peroxide of iron, and having a distinctly concretionary 
structure. The gpreen portions and the sandstone above are probably 
coloured by silicate of the protoxide of iron, perhaps a form of green 
earth derived from the traps by percolation.* 

Beneath the above described beds there is a great thickness of 
coarse compact sandstone, white in colour generally, with occasional 
brown and reddish bands. The beds are, for the most part, more or less 
felspathic, or, to speak more correctly, argillaceous, for the interspersed 
grams wbidi were, in all probability, originally felsparf, have decomposed 
into clay, as is commonly the case in the Damudas. Some beds arc 
BO coarse as to form grits, others are conglomeritic. Trap, doubtless 
intrusive, occurs somewhat irregularly, and not in well defined dykes. 
These sandstones continue to the southern fault by which they arc tilted 
up against the traps. The section altogether is about i mile long; if 
the average dip be considered to lie 12®, which it is veiy nearly, the 
approximate thickness must lie 500 feet. 

Passing to the westward, the band of sandstone increases in breadth, 
and rises into hiUs. At Oordo, the characteristic 

Gordo* 

calcareous cherty bed is again conspicuous at the 
New Salbaldec. samo occuTB again north of Salbaldee. 

At the latter place, the Maroo river issues from the 
hills, and the sandstones are well seen in the gorge through which it flows. 

• It sppm Twy probible that Ihete upper beds represent the rocks immediately 
bsmath the trap near Nagpoor, which in ttieir tnm exactly reMmble the Lametabeds of 
JoIMpoor. The relatione of the lower rocks of Dhabka, Sri bwldee, Ac., have been 
treated of befine, Fart I, Chapter 9. 

t It wonld, however, ecarody be eorrect to term each sandstones lim^y ergillaeeoaB 
BBiidrtoiiee. In the latter the day is generaUy disperied thronghont the mam, not oolleeted 
together as when it resnlts from the decomposition of fdspar. Jn this case the rocks 
are truly originally feli^thic sandstones. 
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They are the same white ahd ocoasionally brownish compact sattdstonesj 
oonglomeritio in places, which are seen at Dhabka. The beds are very 
.‘massive, and obliquely laminated to a great extent. Ferruginous bands 
are common, and beds of shale occur, white and lilac, and occasionally 
deep purple in colour, and col^ ..jzing obSCUre plant impressionB.* 'Near 
their southern border they dip at 15*^ or SO"* to north-north-west, but the 
inclination gradually diminishes to the northward. The trap dips at a 
lower angle in the same direction. There is certainly unconformity : in 
the Maroo, traps, dipping at 5^, rest upon sandstones dipping at very 
nearly 15°, but part of the apparent difference may be due to the gradual 
Uneon&mUty of trope dimmution of the dip to the northward. The oon- 
on eandstonee. stout occnrrenoe of the calcareous bed at the top of 

the sandstone, on the other hand, looks like conformity between these 
beds and the trap. It is, however, highly probable that the traps and 
these calcareous beds may be conformable to each other, 'and that both may 
be unconformable to the sandstones below. At the time that the beds 
were surveyed, no such unconformity was suspected nor searched for, but 
it is a question worthy the examination of some future explorer. As has 
been already remarked, it is highly probable that while the calcareous 
beds are Lameta or Bagh, the sandstones below represent the rocks of 
Eamptee. 

Near Gordo the dip of the traps is as high as 10°, and in one place 
even 15°. This is near the fault, which is evidently, 
in part at least, of later date than the traps. 

Outside the base of the hills at Salbaldee, there is a narrow band 

IfebaikiorphioB at Sal- metamorphic rocks faulted on both sides; on 
the north against the sandstones, to the south 
against the traps. The general strike of the foliation is the same as 
that of the fault at Salbaldee east-north-east to west-south-west, which 
is also the direction of the great faults in the Nerbudda vall^. The 

e Thare is a decided reMmblanoe between these rocks and those of Baiaigaon user 
Nagpoor. 


High dip in traps. 
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moit ranuurloible cucoinstanoei however, about the fruit at Salbaldoe is 
. , that it is a reversed trouffh fruit, for althouffh the 

'IVoiliar (mult. . 

two fruits uaite a few miles to the east and west, 
so that tlicy can only be considered as a part of one general fault, they 
throw in different directionB. Such a phenomenon can only be explained 
by supposing that throws have at different times taken place along the 
same line of weakness, but in different directions, up and down, and that 
in this place the two lines have not exactly coincided, though elsewhere 
they have. (Fig. 7). 



Hot-spring. 


Fig. 7. Sketch section of the rocks et Sulboldcc. 1, traps : 2, calcareous beds : 8, 
4, mctamorphics. 

From the mctamorphics, close to the fault at Salbaldcc, a hot-spring 
rises, the temperature of which is 100^ Fahr. The 
water is clear, tasteless and scentless. 

The mctamorphics, as already stated, continue for only a mile or two 

in cither direction from Salbaldee, and their breadth 

Ana of metamoiphks. small indeed, though its exact amount is not 

Trap in iSudi. 

clearly seen. Along the fruit to the eastward, there 
is a mass of highly crystalline trap, resembling a dyke, and it appears 
probable that a dyke has been in places injected into the fault. Some 
dykes also cot through the sandstone. 

In the next vallqr^ to the westward, about 3 miles from Salbaldee, the 
sandstone appears to be about 800 feet thick, and is 
capped by the silicious limestone varying from 15 to 
30 feet in thickness, and occasionally containing pebbles. Here als# 

* AH tbs dstiik of tbe randofeoiioi and of tka icarp wot of Sa l baldra^ tqgotlior witb 
Boailj Um wboloof tho Fdorna valley, are from Mr. Wynne’s notes. 
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the tiap^ althongh dipping to the north, appears to do so at a lower angle 
than the sandstone. A little to the west of this, on the slope of a high 
trap hill called Mahakul, an intertrappean silicions bod of small thiok» 
ness, not more than 1 to 2 feet, was met with. 

The same characters are v«iiibited thionghout this patch of sand* 

Weetorn extremity of Towatds 

sandstone near Nurha, western extremity, the trap, Bouth of the 

fault, rises mto hills of no great height, the beds on which appear to be 
horizontal. This is near the village of Chicholec. Almost at the very 
end of the sandstone, close to Nurha, a stream traverses the beds, and 
exposes a somewhat peculiar section, in which trap, limestone and 
sandstone alternate. Apparently some dykes or irregular intrusions, 
perhaps accompanied by faulting, have penetrated and disturbed the 
beds. The limestone has a brccciated appearance, and contains green 
silicious bands. 

At Nurba the sandstone disappears beneath the traps. About 3 miles 

IndicatioBB rf Mnd. westward there are some smaU craggy 

rton. wnt ot JSnrlm. hillocks covered with blocks of sandstone and 
limestone. In one spot these rocks appeared to be in place, but all 
around trap was seen. This is doubtless on the line of the fault, but 
it is not quite clear if the top of the scdimentaiy beds here rises to the 
surface, or whether the masses seen are merely fragments included in 
the fault. 

With this exception, if it be an exception, no sandstones are brought 

ama.ten.ne«KLi^ja to the surfecc for 16 miles. The traps norfli of 
and Belkera. the fault have a north dip of about 6®; the course 

of the fault being more nearly west than west-south-west. Towards Palla 
north-west of Seerusgao they tqm up and dip to the east of north, and, 
brought up by this eastwardly dip, the infra-trappean rocks re-appeor north 
the village of Korinja, and extend for about 6 to 7 miles, being oat off 
on the south by a fault, just as in the more eastern patch. The nunml 

(Ml) 



^HMlir dm it dmikr. K«HMml«f liriaifi dmd 100 
«fcte«aMaii^«a^kiMilMk ii it U* to 

to* to to* aodii «riiHdi I7 tmt 

Li WMnl plMiH in to* ii^ oUbOj’ iloBg to* lin* <il toe tonM^ 
CriMMi an eonridenUe aoeomiihtioiM «f ctoMoeoat mob 

■* at * in toe Moompnijing toBtoh .•eetton 


!%.& ttatdiHeltacfMiiiMrBdkan. 

1« ISnfb 4. Lunettene. 

% ftafaiMie. 8. Shiae. 
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tdMm to tiiA east Bdkem (Fig. 8). These masses of impure limestone 
ejM qwried for bnming into lime hj the natives. They are also found 
ftaillier east near Falla and Byram. 

Hie aketdi represents the general section of aboak 800 feet of infira* 
trappean beds near Bdkenu Just south of ijke 

BeeliflB Bsir Bdkonu 

finlt an toe oalcanoni ncka nentknied, to* line 
ef finelun itnif ia indicated by a low ncky xid|^ of limeatone. Above 
tois, aandahne ia aeen, followed by flaggy ddtm, ted, puple, giey, 
adiitito in odkar, wito obacnn plant inynaaiona. Upon toeae itota a 
bed of nlieioa* Ibneetone, and on toat again otoer toalea of varione 
eekva!, deep pinple, gneiuto and giey, acne of toan baving a vaay 
gnMb dMaiily to tnppean ato, otoan being odoaieoiia. 'VHto toeae 
Ufa awditonm, and nodnlar Hmeatone like toat of Ba|^* la 


taaekMaotwof a.Meb«itota wgpM. «ih fUi-tuAr toi|y 
| l Bli t i am >eiia rfna la((h.wfcy tral eTBii^* wWthdp 
Msi s8 lin SMlEe Slisp It his shmIi Ae isstes^ssos ef s hsA tUShnidk 
ftetasemvdseishif thsessnsL dwfmdMte dpllm M HtfSl 
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ofte Wtavaftfrilielb of MOmia trm tamAt .TMT, 

M if % 1m1 oouw fndrtone, bdow liie tnp. 

,l f M * n a rt h-wBot of Bolken, in n rimikr Motion^ mote of Hmm 
dulia oooor. Bendes fte Melmua, (which is allied to JU. f<wi i ri B si irf », 
Sow., hid ^fos insonlptan) i||^jba2ll bivolva, app8ireatl7 « CMimhi, 
is fonad. Those fossils an ofify met ^vlth in the nj^er portwp of 
the hods, those which appear to represent the rocks of Bagh and 


. Befine rOtorning to the eastern edge of the map, a fbw words 
aoulkwBmap of on the range of the Qawilgoih hills west of this 
may be added. 

* mndstones die oat just north of EUichpoor, and thenoo'to the 

weslpdttap hills appear to rise both north and south of the line dH 
tbs former^ however^ being by &r the higher^ and rising at Chlkolda 
to 8^775 feet above the sea^ while one peak a little farther west is 8^976 
feet above the sea^ or about 8^000 feet above the plain of the 
PoOma valley.* The &alt itself caimot be traced with dearness further 
to the west, but that the line of disturbance^ veiy possibly accompanied 
a throw of the beds^ stretches along the south searp of the hillsj is 
proved by tiie steady dip of the traps to the north along that linog 
a dip vdiich only continues for a few miles to the northwards. The 
h illft gradually diminish in height to the west. Along their base or 
ait no gieat distance the alluvium comes in^ being very much more 
stony and graveUy in their neighbourhood^ as might be expected. 

On the t(^^f the range^ at Chikulday (see Plate 5) the soil is red 
and lateritic lookings but no absolute laterite was 
met with so far as the hills were explored. 
AtChkharij north-east of Jamodp a vein of calcareous bTeocn% 
striking norti[i-10''-eaBt and underlying 80^ ts 
the westwBxdi was seen. This is like tiie veianil 
in the Buxwanee hillsy and perhaps denotes a mall &ult. 

« yiM heights fsm the map of the Tc^ograi^aotl Survey. 
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CbSlralda. 
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W«l of Bi^oon, nid f«nlU nngM ftHik tlM quMB aMge of 

1»t tkair an not oontinioaa for • long diatuM. 

WMk of 

Netr Boigao the main aoiip has been cot back 
for a cionaMamhle diatano^ tbe maanve bed whicbj in this neighbooiboodt 
cape ibe rangCj having been removed bgr denudation except on a few 
iaolated aommita. 

Afanoit to the teminatkm of the lange^ the same northerly dip ia to be 

seen alonff its southern scarp. Indeed it is higher 

KortfaorlT dip. © r 

than to the eastward^ being frequently lO"* to 12^ 

Sooth of the Gawilgurh range is the great plain of the Pooma. 

Mhi^ plain afFtar. presents only one peculiarity to distinguish 
nnvai^j. gmijar plains of the Tsptee and 

Nerbuddag that is^ the existonoe of large quantities of salt at a oonifider* 
able depth in .the alluvium throughout j| {Anrtion 

1b flUorioBBa 

of its area, extending from the neighbomhood 
of Dhyunda, north of Akola, till within a few miles of Oomrawuteo. 


KortfMrijdip. 


Salt in dlnriinn. 


Wdls for the purpose of (d>taining brine are sunk on both sides of the 
Poomi^ always to a great depth. The upper day contains very little 
or no salt :* oocasionally carbonate of soda forms an effioresoenoe upon itj^ 
but the chloride of sodium is all obtained from beds below the gravels 


^ ^ ^ . and calcareous conglomerates. Near Dhjunda 

Sedaom in brine wdliL 

the deepest wells are about 120 feet; the section 
in them could not be seen^ as the wells are and rmrod with 

wicker work, but the section was Iqr the natives stated to bs~ 
!• To a considerable depth, oidinaiy brown alluvial eli^« 

2. Tdlow sandy day. ‘ 

8. Reddish day. 

4. Gravel and sand of varying thiohnsas, with a fbmiginoiis 


6. Tenadous gravdly day. TUs is the asliferona stratum ; on 
topping it (? boring thfoogb it) salt-water rises with great fbioe. 
s The dnllow wdli^ bowerar. ace In piae w bsinHih. 

(fiM) 
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Wnida valley. 


Bio. 6.] .bbtailh) ItB 

No ftmflfl wm observed in the mtVk ihiown <mt lAl fti i^welle 
Old workings are scattored over the ocmntrj and ssrve 
indicate the extent of the aalt-bearing Btra tn m . 

Betoming now to the extreme mistem edge of the map^ a smaO 
portion',,. ihe Wflfto vall^ will be found uudi^ded 
in the present section. Much alluvium ooounr 
here also in the immediate neighbourhood of the river^ and presenia 
precisely the same characters as in the valley of the Pooma, except that 
the salt-bearing beds are not known to exist. But this alluvium is not 
continuous over any very large area ; trap is seen eveiy &w miles in the 
river bed, and it has not been necessary to distinguish the tract occupied 
by alluvial deposits on the map. 

In the gravels below the clay a few bones and teeth were found, as 
in the Pooma valley, but in both cases they were 

Fom] bones and teeth. 

exceedingly rare. At Buttoda, on a small stream 
called the Changpar, a tributary of the Wurda^ two interesting teeth were 
found. One was the first premolar of the right lower jaw of a horse, the 
other the canine tooth of some very large carnivore. It exceeds a tiger's 
tooth in size, and almost equals Maeiairoiui. Unfortunately the termi- 
nation and the inner edge being imperfect, it is impossible to say whether 
it be ursine or feline. 

*The watershed between the Wurda and Pooma is mostly low (except 
Watershed of Fbon» south-east of Oomrawuttee), and consists almost 
solely of trap, nearly horizontal. 

Two small tracts of laterite, however, are met with, one just south 
of Bithpoor, the other about four miles north of 
Oomrawuttee. The latter is ihe largest and best 
exposed, some good sections of it occurring in the river bank. Above, ' 
it is gravelly in texture, consisting of the usual small ferruginous gndns 
in a red matrix ; the grains when broken showing .oonoentric stcuobm* 
Beneath, it is more compact, but soft. In one place it was seen to rest 

( 286 ) 


and Wnida. 


Laterite near Bithpoor. 
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QA gneaiflii-gAgr mottkd nradsfeona^ bto wmB caboidal flag* 

nkeDte, with joint nufim betweoii io miniito tint it ia imponnUe to 
obtain a fiur finctore. Tbiaia probablj deoompoaedtnip. 

There ia a low range of hilla aouth-eaat of Oomraamttee foimed 

noil tmrthpiit cf ^iMxrizontal beda of trap. A low aonth-eonth-weat 

Oomnviiktee. observed in one spot alone^ near the 

village of Karla. Upon these hiliB, about two miles south-west of the 

dvil station at Oomrawuttee, three or four very small caps of laterite occur. 

They are similar to that found in the plain^ but more compact^ and would 

be useful for building. They have ever}’ appearance of being detrital in 

origin, and very possibly formed from the detritus of other latreite.* 

South of these hills is an open trap plain, through which the railway 

from Bomba}’ to Nagpoor passes. It presents 
Plain mtb of hiUs. ^ * 

no peculiarities. 


SscnoH 7.— Northeiin part of Khandeisii from Booriiaxpoor to 

Chicklek. 


Khandeish has only Ixscn examined as far south as the river Taptec. 

Nature of country cx- northern portion of the district consists of a 
strip of variable uidib between the river and 


the Satpoora hills, chiefly covered by alluvium. Trap, the only other 


0 Then hiUi iontb of Oomnwottec ore an example of the wanton destmetion of the 
foreata abicb u taking place tbrongboat Benr and in many 

fomSui ^ **** ^ covered, it ia 

aaid, witb fine trees, now notbing remaiiia upon tbeir slopes but 
tbe most inaigniSeaat aenib. Springs and stroanw used to exist; they have entirely dried 
up. Hm olssred land is in great part of no use, a portion ia employed as paaturage, bat 
its valne in this mpect is not inereaaed to any groat extent by tbe destmetion of tbe trees, 
and there wae nm^ paetnnge before^ w there always is upon tbe tnp hilli^ for the rajaire- 
mentsof the popdetion. Only a very small portion of the soil is nsed for ■gricnltnra. 
The minority is a waste^rntteriy nsehus, and rapidly passing into the condition of so mapy 
* of the biUsUlec in tbe Daeoan, rocky barren rises witb all the eoU swept off them by ratal, 
wUe the railway ranning past the base of tbe bills la, on aooonnt of the seatcity foel^ 
wmtaad with coal bmgbt flvm Ragland I Gan nothing be done to teach the naMtea of tha 
ooBntsfvhDwpBoAtableltwmildbe to grow wood, u is done in ereiy drittied ooontiy 
lalaiopef 
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fimnation n^ft with, forms ths hills, sad appears here h. the 

deeper ravmes cat through the alluviums 

The bed of ilie Taptee itself was not ezaminedp and the Satpoom 
hills were only traversed here and there. It was clearly ascertained that 
no infra-trappean rocks occuth ) them by careftilly examining the pebbles 
in the different streams running from them. Trap may occur in the bed 
of the Taptee here and there^ as it does in the Nerbudda^ in the plain 
near Mundlaisur^ and this is the more probable in the former riverj 
because rises^ formed of the rock^ approach to within no great distance of 
the stream every here and there on the south. There is rock near Bho- 
sawul, at the spot where the railway bridge crosses the Taptee^ although 
alluvium extends for some 15 miles to the north. 

Very little needs description in this section : for the few remarks re- 
quired^ it will be most convenient^ as in other sectionsj to commence to 
the cast at Boorhanpoor^ and proceed westward. 

Below Boorhanpoor veiy little rock is seen in the Taptee. North 

_ ^ ^ of the town there is thick alluvium, but a little 

Countiy near Boor- 

hanpoop. to the west trap comes in. On the norths on the 

road to Asseergfurh^ trap is met Avith. About 5 miles from Boorhanpoor, 
near to this spot, a little east of the road, and about a mile north-east of 
the village of Choolkhan, there is a singular patch 
of lime8toiic.t It is compact, but shows no signs 
of crystallization, and it appears to contain no 
fossils. It is quite isolated, all around being trap, and about 60ft. in 
length. At one end of it, there is a white sandy rook, resembling 
decomposed gneiss in appearance, and standing on end, as if it were part 
of a vertical bed; it however contains rounded grams and is probably 
sandstone. Some red clay is associated with it. 

This mass of sedimentary rocks is evidently a portion of some infra- 
trappean formation, very probably Lameta or Bagh, either brought up 

* The EuthoritieB of the Great Indian PenioBiila Railway miaoall thia {dace ' 

t This WM pointed out to me by Mr. Naher, Aanstant CommiMioneE of BooiluuipopB. 
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hf • or iBaliilHil ia ■ Ira flow, Hke flie giaaite m tin river bed 
at Mimdlairai*. Aa fieqaen% hq>peoa, flwrodcB anmnd ate not aaffi* 
eiemtly weD seen to prove whioh of tiieae ia the eaae, bat there ia no 
avideBeaef a dyke. 

The tiapa ia the hlDa atonnd Ae eoi g o r h are not horiaontel, but dip 
very irr^ialariy, and the same ia the oaee for a 
long diataace to the vest. At a oonaiderable 
aooth of Uie main range, there are low riaea atietdiing aeroaa 
ftem Boodtanpoor to near Bavere. The trapa in them appear to dip 
north at ahont 6*. 

North of Axawnd, at Onabdjo, a hoteling breaka ont at tbe foot 
sear Aar ^ hiDa, juat at tbe point where the trap 


eropa out from beneath the allavinm. lain in 
the hot>qpting at Salbaldee in Berar, the vrater ia taateleaB and acenil^. 
The temperatoie cannot be earily determined, aa the apring iasuea in 
a large pool, bricked round. The temperature of the pool waa 90° in 
Hay; that of the springs howcTcr^ was certainly higher. 

North of Chopra^ in the Amnoir vallcyf and around Dowlaitp the 
traps appear to be nearly horizontal, and the same 

Dip of tnpi. 

is the case to the westward as far aa the Bombay 
and Agra road. On that road at the top of the ascent leading to 
Bindwa, the beds are in distinct horizontal terraces. A few miles further 
to the northi they have a low dip of 2** or S** to the northward. 

The alhivium runs far up between the hills about Sultanpoor in a 

Haafliitrtmoir bound this bay to the south, 

and amongst tiiem, near Waria, north of Waiool, 
are a few tnp dykea striking ea8t-16*'*north to w6st-15*'-Boutb, as in the 


• SeoBSKfcaeelita. 

t IJispabUdiodaiiptof fUipsrtof tliooooiitiy areTciy iiiMOonte. Thst bapoirllli 
iMod If f flMK dwM, aipeddlf to tlw eoftwovd, esoept wIwk okbM ftow Vijor 
BiSgricro map. 
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B^paaplft IiOIb. North of this ogain * hig^ dip is ii|Ms hi tihs tnp^ 
10“ sod 16° to north>16*>west, and a aimikr d^ oeoms flaAer IMlI to 
the aonih of Sultanpoor. 

North of Sultaopoor, the hills rise from the plains in flat wltHi 

HiDf nwr Akrtnee. "^8*® g*®®* height, but thiy gndMlly 

boreasc in size to the westward, till they enhninate 

in the hog-backed masses around Akranee fort So for there has been 
an apparently low eastwardly dip from near Sultanpoor*. AboB||l 
Aknnee, the northern dip oommenoes, which continues throughout the 
southern portion of Akranee and Kantee. 

To the west of Akranee fort, there occurs, along the southern 
verge of the range, a succession of steep craggy 

HObwwtof Aktaaeo. 

peaks, the form of which is widely difibrent from 
the usual flat-topped or hog-backed ridges formed of the trap, and rather 
resembles in appearance hills of granitic or gneissic rocks. These 
peaks rise directly from the plains of Ehandeish and tower some hundreds 
of feet above the general elevation of the range ; to the nortii of them, 
broad terraces elope away to the northward towards Kantee. The beds 
of trap composing these terraces have a low dip to the north, whidh 
has evidently had but little to do with the peculiar shape assumed by 
the summits of the range ; the latter must be due to subaSrial denuda- 
tion. By aneroid measurement, one peak, not the highastk but also not 
for short of the highest, was 8,jS00 feet above the plain of 
fi latter being probably 600 or 700 feet above the sea, so that these 
hills are very little below 4,000 feet in height. 

Ihere is a fine view of this range from the ntighbonihood of 
Kookotmoonda. Ts the westward the peaks cease, and the range 

* It appean to be to the eastward looking from the plidn to the aenth. These loir 
41pi cm the larger hillB are difficult to determine exactly without the bm^ whish 

4iMK was act tinie to do in ereiy ceae. 
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■nki into the lol||^ flnt-iiqqied hilb of Snkhbnny then trnp doM in 
iqwn the Tiiptee firam hoth aidei, and the river enten the ft* 
jangles. 


SncnoB 8.— NxxBroDA vaixet voBnt op thx biybr; fboii 
BrnwAi TO Dnvutpooui ahd Mandoo. 


Bo^ oeeatring. 


This area is entiiely oocapied rocks belonging to the tnppcan 
series, and therefore requires no more than a pass* 
ing notice. Keu the river there is a great aoca- 
mnlation of allavial deposits, and for two or three miles from the banks 
rocks are very rardy seen. In the river bed, however, trap frequently 
appears. ^ 

There is every reason to believe that the trap in the valley is of no 
Tnp of no great great thiekness, and that lower formations exist 
tUdoMM. moderate depth below the surface. The beds 

of trap are, as nearly as possible, horizontal, and some miles west of 
Burwai, shallow wells for irrigation pass through the trap into the 
cretaceous sandstones. 

Another instance of the proximity of the base of the traps may 
be seen in the occurrenoe of granite in the bed of 
oppoiite Maud, the Nerbudda opposite Mundlaisur, a ciroum* 

liuMir 

stance noted both by Miyor Stirling and by 
Cq>tain Abbott, as previoudy mentioned. The masses of granite, many of 
them several fret in diameter, were conadeted by Migor Stirlmg and 
Oqitain Abbott as funnades piercing tbe trap; ihi^ are, however, dis- 
tinetly isolated and announded by trap, often permeated by veins of 
the latter, and more or lees fused, so that on the edges a oonq^lete 
passage takes place fimn one'rock into the other. This is ei^eeially weil 
( 290 ) 
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wea near the krgeit Uook (I^. 9 ). The trap aroani the wi00 hloeka 



Fig. 9. On an island in Nerbodda river, opposite Mundlaisnr : a, Gbwiite : 6, Gimnita 
passing into coarsely crystalline granite : e, Ghnniie passing into trap : e\ compact trap. 

often containB large crystals of felspar precisely 'similar to those in tho 
granite (which is chiefly pegmatite) , and some spots are seen in vtiich 
there is no granite^ but still felspar crystals are diffused. Apparently the 
granite has in every case been more or less dissolved in the molten trap^ 
and the felspar has again crystallized out upon the trap coolings the 
quartz probably combining with the basic minerals of the trap. The 
smaller fragments of granite were evidently entirely dissolved, while 
larger masses were only fused and mixed with the trap on their edges. 

It is by no means clear whether the trap occurs in a dyke or in 
a flow, the small island in which the granite masses occur being some- 
what isolated. No distinct dyke can be made out, but neverthdess the 
blocks are not seen out of one general line. This might be caused in 
a flow, somewhat as lateral moraines are in a glacier, if the lava Current 
passed by rises of metamorphic rock. The trap consists of fdspar 
porphyry and differs from the distinctly bedded flows in the neigUbouv 
hood, so there is some probabilily of its being intrusive. Whether 
dyke or flow, however, is comparatively immaterial, the blocks Of granite 
have evidently been brought up by the one or carried along by theother, 
and they are certainly not in situ.*^ 

s yor an initaace of blodu of granite being included in a lava itreain ^eeiM Awe 
a fblctno^ lee Danbeny on voloanoea, p. 887 . and quoted by LyelL n 

a' ( 291 ) 



Fig. 10. Timp in curved oolanmar nwncft : Dyke at Kotede, near Goq|fec. 

Aroond Ooojree also intertrappean liaiestone, oontaining the iMwal 
fossils, is sot of nnfreqnent ooconenoe. It mar 

p psf^fia- 

exist in other partsof theoonntrjr; blocks oontaining 
Hetamia quadritiiuata and other fossils were picked up near Dhnmpooree. 
The scarp of Uie Halwa platean north of Mnndlaisnr is etni^ter 
and more moral tiiaa snywhera else in this ndgh- 
SeMpof ibhm phtara. jjj pj,ggg continaes for milea as a 

huge dliff soared broken by a ravine. Passes are few ; the SimroLOhat 


* Hum w«ns noticvd bjr CspUin IhiiigcrtteU. 
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north of Burwai^ the Jam Ghat north of 
Mundlaisur^ and the Ghara Ghatl^ which 
the Bombay and Agra road ascends to 
the table land are the only important 
A'^ads. The Jam Ghat is very iiiierest- 
ing, as the road descends zigzaging down 
the face of the clifP and enables the 
characters of the rocks to be examined. 
The beds are extremely well marked and 
14 distinct terraces^ may be counted^ as 
I stated by Dangerfield. As the descent is 
'f about 1^500 feet^ this would make the 




% 




^ successiTe terraces a little more thaii 100 
g feet apart on an average. But in fact the 
higher terraces are much nearer together 
J than the lower. The number of the lava 
J flows which compose the scarp by no 
I means necessarily corresponds to the 
^ number of terraces ; it is probably much 
^ greater, since a terrace is only formed 
where two beds of different degrees of 
hardness come together; if two, three, 
or more beds, similar in mineral charac- 
ter, succeed each other, no distinction 
would be observed in their weathering. 
Two of the terraces above mentioned, 

* This is the number sfiven by Dangerfldd, and 
which 1 counted myself, but other obsenreis have 
thought the number different. Some are much kaa 
apparent than others; many are not seen in every 
spur of the hills. 
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wluoli an both near the top of the aoarp, may be tnoed along it for 
a oonauterable diatanoe (Fig. 11), and form a^marked ftatnm. 

Beds of Tdcanie aeh may be seen in aeveral plaoea on the Jam 
. ... Ohat; one espedally wdl marked occnta abont 

two-thirds of the distance down the hiU. 

Much ash (Tolcanic breccia) is also seen on the path leading to 
Mandoo from below the Ghat. It is generally weathered and exhibits 
its structuie clearly. 


Rodu. 


Sbction 9. — ^Nerbuoda valley north of the river ; from near 
Mandoo to the river Baghkee^ being the colktry around Bagh. 

Just west of Mandoo cretaceous limestones and sandstones begin to 
appear from beneath the trap in the deeper valleysi not far from the foot 
of the hills. In the neighbourhood of the Ner- 
budda^ a southerly dip of all the rocks, ^Aiich 
becomes more marked further west, brings in the trap. 

The limestones and sandstones rest sometimes upon metamorphics, 
sometimes upon Bijawur beds. Occasionally the traps rest immediately 
upon the ciystalline rocks without any sedimcntaiy formation inter- 
vening. This is especially the case to the north. 

A great change here takes places in the foliation strike of the gneiss 

strike effel>.U 0 iiu>d direction of cleavage and lamination 

<>**'^*s*' of the Bijawnra. To the east in the Dhar forest 

and elsewhere, the general strike was east-north-east; near Bagh and 
to the west, it is nearly south-east. 

The most eastwardly inliers of sandstone seen were near the village 
Umesbm. frsgmait Dnssai. A solitary fragment of limestone, evi- 
at OdraUa. dently cretaceons, was picked up in the bed of the 

stream at Ooknlda, hut no more oonld he found, nor, despite some search, 
was any outcrop disoovered, and as the limestone has been used through- 
ont the countay fbr building, this fragment might not have been derived 
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from the neighbourhood. At the same time there is a poBsibiliiy that a 
very email exposure of the cretaceous beds further east than any marked on 
the map remains to be discovered. 

Three-fourths of a mile above Dussai^ in a small stream tributaiy to 

Cwiaceoiw l)eds near Maa».cretaceous beds come in below thf .traps. 

On the top of them are about 15 feet of purple 
and grey marls with limestone nodules. Beneath these is ' condline lime- 
stone' apparently thinner than to the west. It contains near the base 
a nodular and slightly ferruginous band^ in which Hemiaster is found in 
abundance^ together with Pecten if^eostatuB and a few other fossils, 
mostly bivalve shells, of which the OBireidtE and Inocerami retain their 
shells, while other forms appear as casts. In the coralline limestone 
Bfjfozoa abound. Beneath these beds the top of a stratum of unfojsih'- 
ferous nodular limestone is seen. 

Much fossil silicified wood occurs, which may, possibly, be derived 
from the upper red marl with calcareous concretions, or from some sand- 
stone, which, close by, at a village called Kirwan, overlies the red marl 
and forms the top of the Bagh beds. This bed is considerably higher in 
level than the others (all being horizontal or nearly so) which, in the 
Dussai and two other small parallel valleys, just appear above ground near 
the streams, while the sandstone caps the low intervening rises. It is 
only seen over a small space near Eirwan. 

It is possible that this sandstone and the red marl represent some 
peculiar red beds presently to be described, which are found near 
Bulwarree. 

West of these small inliers the cretaceous rocks next appear about 
four miles further, in the valley of the Maan river 

Valley of the Maan. 

and its tributaries, where they occupy a consider- 
able area, metamorphio rooks also being exposed. The Bagh beds ^pp^ar 
to be more richly fossiliferons in this tract than in any other spot when 
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they luT« been examined, and tbe coralline limeatone at the top is 

developed. Near Cheerakban, ibe.spot 
where distinct cretaoeons fossils were first found 
by Captain (now Colonel) Keatinge in 1866, a very large proportion of 
the surface of tbe country consists of the cotalUne limestone. About 
half a mile north of the village, fine sections are seen in some glens. In 
these the uppermost 6 or 8 feet, sometimes more, is formed of this rock ; 
below it there is argillaceous nodular limestone, and at the base of the 
formation a varying thickness of sandstone and conglomerate, occasion, 
ally, but rarely, less than fonr or five feet in thickness. Usualfy it is 
considerably more. The whole series here, however, does not exceed 
60 feet in thickness, frequently it is less, in consequence of irregular 
denudation before it was covered by trap. So uneven is the surface on 
which the trap rests that at times it appears as if faulted against the 
cretaceous beds, or even as though underlying them, in consequence of 
its restiog against old cliffs. 


The coralline limestone occasionally shews false bedding, and it 

coidline lim«tone. “PP®*” ^ of broken fragments, 

in great part of Bryoroa. Numerous sections of it 
occur, for the countiy is covered with ancient quarries in it, slabp cut 
from which are said to have been largely used in building the Haces and 

mosques of Mandoo; a statement which is borne out by the chanoter of 
the stone emplojed at that place. 


The nodular limestone, which underlies the upper 8 or 10 feet of 
NodnhriimoitaM. «o**W>ne limestone, is frequently ferroginous and 

sometimes highly fossiliferous. From 
1 the greater portion of the fossils as yet found in these beds has been 

obtained. The most abundant by far near Cheera- 

A II Bz Echinoderm, Hemiatier near to 
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Cardt&m (MtUanum^) an Jaoeeramu, 2 ModwUe, a Memiear^im und 
other bivalve8« These arc mostly oasts^ as are also a few Oaetioiioda 
which aocompany them. Besides the Hemia9terp some other Sekinoder^ 
mata are founds amongst them a Cidariia 

This fossiliferous bod, jm xiortb of Cbeerakhan, was 8 or 10 feet 
thick, and rested npon 15 or 20 feet of unfbssili- 

Section at Cheerokhan. 

ferous nodular limestone of a type much more 
extensively distributed than is the fossiliferous bed. 

Just south of Checrakhan, the trap rests immediately upon sand- 
stone, and here, as at Dussai, much fossil wood 
South of Choorakban. _ , • i j ■ > ^ 

converted into a jaspery homstone is associated 

witb the latter. It is not clear that this sandstone is of cretaoeoiu' age. 
It might belong to the traps. 

■ In the upper Maan valley, north of Cheerakhan, there is no sand- 


Bocks north of Ghoo- 
rakhun. 


stone or limestone, and tiie traps test directly 
upon metamorphic rocks. As will be seen, this is 


usually the case to the north. 

The surface is composed of metamorphies or cretaceous beds as &r 


liTCgnlw junction of 
tTn]M and eretaoeon. beds 
marGoonul. 


as Goorsnl, on atribntaiy of the Maan river, 5or6 
miles north-west of Cheerakhan. Here some good 
jnatannnii are seen of the irregular manner in 


which the traps rest upon the cretaceous beds. Close to Ooorsul, meta- 
morphic rocks occur in the stream; sandstone and limestone, the latter, 
as usual, above the former, form high terrace-like banks. But just north 
the road from Boreghat to Qoorsnl, and upon the banks of the 
atteam, trap rests directly npon metamorphies along the north bank of a 
snudl ravine, while on the south bank, within a few yard^ is. a hill 
«f Again, in the flat ground of the valley dose to Goorsnl, 

a small hill of trap stands by itself, resting on the metamoifMos. 
while the hills on each side of the valley are of sandstone and limsatona, 
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■ad higher than the tn^ hill. All theee ate additional inatanoea of the 
denudation of the entaoeon^beda before the trap period. (Fig. It). 


.I-i » 






Fig. I2.3I Sketch section of imps, creUceons end meUinorphic beds near Gooiral : n, 
tap : &• entneeoof beds : e, metnmorpbics. 

Between the cretaoeons and metainorphic beds on the Maan river 

and those next exposed to the west on the tribn- 
on Ooree riTor. ^ 

taries of the Ooree stream, there is an interval of 

about 4 miles, occupied by trap as usual. About the Ooree river, there 

is still a considerable development of the coralline limestone, and fossils 

are still by no means scarce. The manner in which the rocks occui* 

is precisely as to the east, the cretaceous beds forming an intervening 

stratum, of small thickness, between the traps and the metamorphics. 

South-east of Bulwaree between that village and Mohuupoor there 

Bed beds naff Bol- “ ^ {Boiwellia tAurifera) 

forest, formed of a peculiar red rook, calcareous, 
but having frequently a breociated appearance, being traversed by a 
network of fine quartz veins. It often consists of laminsB of red and 
white fimestone. It has somewhat the appearance, near Mohnnpoofj 
of passing into the ordinary Bagh beds, but this is fiir from clearly seen. 
In another place, it appears to rest upon trap, and to pass into a ciyv* 
taOina trappean looking rock, but upon this observation also no ^ffeat 
re&we can be placed. It is by no means dear whether this bed 
ihcaU be dassed with the Bagh beds or with the traps. It may be 
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of the former^ but altered by the action of the latter. It is alao poeeihle 
that it bdosge to the Bijawurs and represents some beds of that seE&BS 
oocurzing near Jobnt^ to be hereafter described. Bat against this it 
may fairly be aigned that no other Bijawnr beds are seen in the 
immediate neighbourhood^ whiS iietamorphic rocks occur at both Sal« 
waree and MohanpooPi and that it is less hardened and altered than wfj 
other Bijawur rocks in the country.'^ 

On the Ooree river, near Joona Pani and Koja Eooa, the sandstones 

Cretaceous beds near cretaceous formation, occasionally replaced 

Joona Ptoi. coarse conglomerates, thicken considerably, and 

cover a comparatively large area, forming flat topped hills with only an 
occasional cap of trap. The conglomerate contains pebbles of quartz 
and gneissose rocks, which frequently remain scattered over the sunaoe 
when the matrix is decomposed and removed. A similar conglomerate is 
common further west. 

The sandstones here have in general a very low southern dip, which 
is also seen near Bagh. It does not exceed I**, if 

Dips. 

indeed it be so much ; but very considerable dis- 
turbance and high dips are met with south of Koja Kooa, which is an 
unusual occurrence amongst the Bagh beds in this part of the countiy. 
Near Anjuntal they dip for some distance to the north at an angle of 15^ 
Between Koja Kooa and AnjuntaJi^ Bijawurs are exposed in the 

B^swurs near Kcja typical laminated siliceous limestones, 

Kooa. elay slates and breccia, occur striking north- 

west to south-east, and vertical. In one place the original bedding 
was seen crossing the cleavage at right angles. In the limestones 
there is much apparent contortion. The boundary between these beds 
and the metamorphios is probably a (Kintinuation of the fault boundary 
seen north of Bagh. 


* Thii tnot WM not doiely ozunined, ftnd no opportunity wav affordod of ittunfaig 
to it after esaminina the Jobnt liedi. 
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Tbe TiUqr of the Ooiee river about Eoja Kooa is, for many miles, 
ooenpied by metamorpbie rodn, whidi extend also 

Gcncnl diitribolioii of 

bedfinOoreeTiUcj^iwtf. far op the Bide TaUeys. Between the several de- 
pressions in which the cretaceous beds and meta- 
moiphic rocks are exposedj great flats of trap extend : these are, however^ 
mere caps^ cut through by every little ravine. The surface of the meta- 
moiphic rocks upon wliich the cretaceous beds were originally deposited is 
also very uneven. From all these circumstances there results extreme 
irregularity in the outline of the various formations. This has not been 
shown in detail on the mapy and indeed it could only have been correctly 
delineated upon a Car more detailed and accurate representation of the 
topography of the country than that available for the purpose^ nor could 
it be represented at all upon a map on so small a scale. 

Along the north of the metamorphic area in the Ooree vat!ley/»and 
also further westy there is no such continuous representation of the ere* 
taoeous beds as is seen to the south ; indeed their occurrence is rare. This 
appears to be partly due to their having originally l>een veiy thin or 
wanting in placesy partly to subsequent denudation. Thus at one spot 
about a mile west from Tandoy and just south of 

Seetkm neur Tinda. 

the little Bheel village of Bukkiy on one side of a 
streamy sandstonoy and limestone capped by trapy rest upon the metamor- 



FSg. 18. Skstdi fectum of trap, (a,) rerting on irregnUr lurfiice of creUoaons bedi» 
(&,) tad goAm, (O wait of Tinda. 

phiesy while in the stream-bed trap is seeOy and on the opposite bank it 
rests directly upon tbe gneiss (Fig. 13). The sandstono is coarsey often 
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oonglomeritic^ nodalar and compact, resembling that seen near Bagh, and 
containing greenish chert. Limestone ooonrs near the base. Near the 
top of the sandstone, which is about 50 feet thick, other bands of limestone 
of a different character occur, containing Bryozoa and other fossils. These 
thin bands represent the coral^ Te limestone, so highly developed a few 
miles to the east. 

Another small patch of cretaceous rocks, 200 or 800 yards in length, 
was met with south-west of Dairee, and doubtless many similar small 
remnants occur scattered over the country. But along the greater part 
of this boundary, the trap rests immediately upon the crystalline rocks. 

About Tanda the Malwa scarp commences to lose its persistent 
TerariiuitUmof Malw. character. The metamorphic rocks run forther 
and further to the north up every successive valley 

to the westward. 

Between Tanda and Bagh, very little of the cretaceous beds is seen 
until the neighbourhood of the latter place, when they come in in con- 
siderable force. Hence to the westward they occupy a large area. 

The boundaries are irregular as usual. Although the cretaceous 
beds increase in thickness to the south, they are 
greater portion of the area, but a 
thin band, cut through in the deeper valleys, while 
patches of trap rest everywhere irregularly upon them. 

Conglomerates prevail near Bagh, especially to the north of the 
town, and the pebbles from them are spread over the country. On 
some hills north of Agur, the sole beds seen between the trap and the 
^ijawurs are these conglomerates, which are about 60 to 80 feet thick. 
The coralline limestone disappears as a distinct bed, and although a 
limestone with fossils, occasionally including Bryozoa, is met with west of 
Bagh, it is no longer such a mass of comminuted corallines as to the east. 
The very low southerly dip whidi is prevalent in the cretaceous beds 
may have originally existed, and may mark increasing depth of water to 
the southward, where the beds are thicker. But this is very doubtful. 
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The aeetioii teat in the Beghnee river, eonth of Bagh, proeenti bat 
litUe intereet, thongh the atnun traveneo ere- 
■U^T **"* ** tueoasbede for a diitaaee of S or 4 milea. Almoat 

the only rock leen ii eaadstone. The dip ia eo low 
that it appeue to coincide with that of the bed of the etream, and the 
■ame or neariy the nine section is exposed thronghont. Opposite the 
town ot Bagh, this section oonsbts of— . 

Nodular flesh colored limestone, apparently unfossi- 

fiwtkm of containing oh- 

ToekB oppotito Bagh. Bcurc casts of shells ... 16 to 20 feet. 

Fine white and purple sandstones or coarse gritty 
beds. The base consists of conglomerate, sbaley pur- 
plish sandstonCy and coarse falsebedded gritty sandstone. 

Some of the dialey beds are calcareousy and contain 
a few imperfect bivalvesy ill presenred ... 80 to 100 feet. 

In the sandstonesy bands of small pebbles of jaspery quartz, and 
quartzite occur, the latter apparently derived from the Vindhyans. 

In these beds are the caves of Bagh, remarkable as being almost the 
Buddhist caves in India, except those of 

GiTBi of Bagh. 

Bhobaneshwar in Cuttack, which are in sandstone. 
All the other caves of Western India are in trap. The rocks at the 
caves are fine purplish and white sandstone and silty sand, falsebedded 
and strongly rippled on the surface of the beds.**^ 

Just north of the village of BhUahee, the oxetaoeons^cks terminate 
abruptly. Their uppermost bed is here a peculiar 

Soutib of ^^0* 

tMeMnb.d.nMr Bhih* limcctonc, having a brecoiated appeanooe, which 

hoB. 

lesti upon oonne rather vitreoniMiidntonc wenthw- 
ing into knohe. The apparent hracdation of the limeitone ia periuqw 

* IkweMbM dwtratlM oomaitt.d hj Dr. Mutiii Dumb i. Q/uabaHj 

JaanMl.aMlogiodBoaM7.y<<. XXI, p. S6(t in MVPMiBa tlirt OqiWa XmM^. Mh 
irandMif.dftnmUii.ipat. 
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doe to nlusioiu infiltration, much of whidi ia seen fbrtJier west in tiie 
oppermost beds of the oretaoeons series. 

The town of Bagh itself rests upon Bijawnrs, a peculiar triangdar 
patch of which is let in by two faults, one striking 

B^awiin of Bagh* 

about D>ii4i-20*'-we8t^ the other nearly noith-mati 
the latter coinciding with the foliation of the gneiss and the deavige 
lamination of the Bijawurs, These two faults meet^ and the Bijawurs are 
cut off about 7 miles north-north-west of Bagh^ near the villages of 
Boiekooa and Chundawndp while to the south they disappear beneath 
the cretaceous sandstone and trap. As is usual in areas the surface of 
which is composed of Bijawur rocksj (unless thick deposits of alluvial soil 
supervene,) this tract is a jungle, the soil worthless for agriculture, and 
the surface hilly and irregular. 

Many of the kinds of rock which occur in the Bijawurs are v^ell 
seen close to the town of Bagh. There is not a good section in the 
bed of the Baghnee which, indeed, only traverses these rocks for 
a short distance, but the hills around the town are rocky, and the jungle 
in general not sufficiently high to conceal the rocks. The hill on which 
the fort stands is partly composed of red brecciated quartzite with iron 
ore, the latter chiefly brown hematite. At the south end of the hill, 
close to the town, and on the east side, the bedding of these rocks is 
distinctly seen. They dip at 70® to east-30®-north and rest on limestone. 
To the west they turn over and dip the reverse way, so that the hill is 
the axis of a small anticlinal. The bedding cannot, however, be traced 
^to any distance in this direction, indeed it is only conspicuous in the 
jaspery beds, and a short distance from the hill it is completely obscured 
by cleavage ; while the rocks are a confused mixture of slates, limestone, 
breccia and trap as far as the boundary fault, which is not distant. On 
the east, however, the strike of the bedding appears closely to ooineide 
for some distance with that of the cleavage foliation, and the following 
beds come in upon the breccia. 
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In the valley oast of the Fort hQl, a greenstone-like trappean rook 
BoekfMitQrtbeFort This lock, which is frequently met* with 

^ in the Bijawnrs about Bagh, is generally highly 

oleaved, though the cleavage surfaces are rough. It sometimes much 
resembles the more obscurely ciystalline forms of homblend rock which 
occur in the metamorphics. This may be an interstratified trap^ con- 
temporaneous with the Bijawnrs. 

Next comes some white vein quartzi which possibly marks a fault 
or line of fncture. The hill east of the valley is composed of black and 
purple day slates, interstratified with occasional sandy beds, and with 
bands of a rock resembling a conglomerate of quartz pebbles elongated 
in the direction of the strike of the cleavage, but the apparent beds are, 
really, nodular masses of quartz elongated in the cleavage strike, which 
are evidently the result of incipient lamination. The cleavage^ here 
strikes north-80”-west vertical. Beyond the hill again there is another 
band of the cleaved gpreenstoue. 

A few hundred yards further east is the road from Bagh to Tanda, 
ffid Agur. Slates are well exposed in some small sections east of the 
road, and bedding is here distinctly seen crossing the cleavage. The 
latter is not quite steady, it here strikes about 8outh-25’'-ea8t. Bedding 
distinguished by bands of difierent colours is seen dipping south-east, 
varying to south, at an angle of about 45^ It is somewhat contorted. 
Slates for roofing purposes might be obtained here, though not of large 
nze. 

f 

KortIi>cast of the dates is a bed of breccia, with jaaper of a briglit 
red colour. This rock is highly feimginons, and much of it resembles 
til.* qnartied nesr Bnrwai for iron ore. 

Ibe next band is a talcose qaartaite, extremdy foliated and meta- 
morphosed, with large irregular maeeee of quartz in the foliation, giving 
the weathered snriaee the appearance of pegmatite or of granitoid 
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gndss. A more thoroughly metamorphic rock it would be difflcult to 
conceive.^ 

This formation is immediately succeeded by laminated silioeoni 
limestone^ to that follows massive quartzite^ upon which comes limestone 
again with some iron ore at thS base. In the limestone^ dose the 
road, bedding i? seen^ dipping at a low angle to about north-20*'-east^ 
the cleavage lamination striking here west-SO^-north, so that the two 
nearly coincide in direction^ although the dip of the cleavage is higher. 
Following the limestone band to the eastward^ it is found to strike gra- 
dually away from the direcftion of the cleavage. 

The above gives a fair idea of the general succession of beds seen 
in the Bijawur series near Bagh. It is highly improbable that it should 
be a simple ascending series ; almost without doubt it is complicated by 
faults and contortion. Its peculiar interest^ however^ lies in the illus- 
tration which it affords of the parallelism of the cleavage and lamination^ 
and of the different strike of the bedding ; for the lamination so fre- 
quently has the appearance of bedding that it is necessary to be very careful 
amongst these rocks in distinguishing between the two. As a rule; no 
bedding is seen except in the breccias and quartzites. 

The above; however, do not comprise all kinds of rook seen in thia 
country. In some places; near Agur, perfectly 

Bijawurs near Agur. i. i , o jt .r 

unaltered sandstone is met with. Near the bound- 
ary fault, on the road between Agur and Nahwel, on the other band; 
some limestone contains talcose layers, and plumose crystallization, pro- 
bably also of tele, in the cleavage planes. This is at about 200 or 300 
yards distance from the boundary, the breccia and limestone nearest to 
the metamorphicS; and only separated from them by the boundary fault, 
being unaltered. 

a It hu oooaiionally oocurred to me that the more highly metemoiphoeed oo&ditioa 
of portiotthr bedi, eipeciilly when qaertzoee, may have been dne to the more eaay permeabi- 
lity of the original eedimentary rock oomponng them by heated vaponre, or mineral water. 
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lh« finlt miuiiag notth-wart aad ■oiith<«Mt k in pkMa^ M naur 
„ .. , , Ekn, markedly a mua of vein quartiL ItedUM- 
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^ ^ By»wvi MV tion is, in general^ nearly paralldi to the deavage 
of the Bijawnra and the foliation of the gneiMi 
bat not always exactly so, the cleaTsge near the fault being occasionally 
bent and twisted, showing that it is of anterior date to the faulting. 

The other bolt bounding the Bijawurs to the south-west is well 
tonndvj Baghnee, south of the town of Bagh. 

The Bijawur series is there represented by the 
typical limestone, which abuts against greenstone belonging 

to the metamorphics, but only distinguished from similar beds in the 
Bijawnrs by the granite veins and laminn of quarts which it oontmns. 
Just east of it gneiss with granite veins comes in, 

TUs fault disappears to the south beneath the cretaceous rocks^; to 
the north it runs for several miles up the valley of the Baghnee in a 
straight line, striking about north-SO^-west, cutting across the foliation 
of the gneiss and the cleavage of the Bijawurs. The fault itself is a 
mere crack, but it is easily traced amongst the rocky hilb just west of 
Bagb, as different beds of each of the groups in succession are brought 
against beds of the other and cut off. To the north, near Borekooa, 
some of the metamorphics are so slaty that it is difficult to distinguish 
them from the day slates of the Bijawurs, and in a stream which runs 
into the Baghnee a little south-^ui of the village of Borekooa, and 
which exposes a fine section of both groups, it is so difficult to ascertain 
the exact boundaiy that the two series appear to pass into*each other. ^ 
The iron ore which forms the matrix of breccia dose to the town of 
. « , ^ formerly worked largdy. The work- 

IVOD OVffi Of SOffD* 

ingv have now been abandoned figr many jean, 
and Che manofiMtan of iion ia eztmot in the eonntij, owing, donbtkae, 
to tiie deetrnetion of tiie junglee. 

( 808 ) 



Sbo. 10.] 


DBTAILBD DBSOBIFnONB. 


liS 


There is bat one more place to the oreatward where B^wnrs are 
metVith in the Nerbndda vallej : this is near Jobut; the description 
will be found below. 

SacTiou 10. — ^Nebbudda v^iLby north op the biver^ probt the 
Baghnte river to Cbota OODIPOOR. 

From Bag'h to Chota Oodipoor the surface is principally formed of 
metamorphic rocks occupying the area between 
dbtribntion of plateau of Malwa (which ends by 

* sinking into the plain near Eunas and Bhabra) 
and the great trappean area to the south. The metamorphic country 
is an extensive undulating plain with only occasional hills^ more or less 
isolated^ of granitoid forms of the gneiss. The trap country t€ the 
south is very hilly^ and it appears singular that the river should traverse 
it in preference to the broad plain of the metamorphics. The traps 
come in south of Alice and Panwud with a sharp southerly dip^ which 
fully accounts for the entire disappearance of the older formations 
beneath them. 

The sandstones and limestones of the cretaceous rocks intenrvene 
generally between the traps and the metamorphics^ and uniformly 
increase in thickness from north to south. To the norths in the same 
way as east of Bagh^ they are frequently deficient^ and never exceed 
60 to 80 feet in thickness ; to the south they frequently attain 500 feet 
or even more. The thickness of the upper fossiliferous and calcareous 
band increases to the souths as well as that of the underlying unfossili- 
Ibrous sandstone. The coralline limestone is wanting. 

West of the Baghnee river there is a considerable tract of country^ 
about 12 miles from east to west and 15 

Tract of oretacoona 

rocks west of the Bagh- from north to south^ almost entirely composed of 
nee« 

sandstone : it is one of the largest continuous areas 
occupied by the cretaceous rocks. It is occasionally cut through by 
streams^ and the metamorphics are exposed beneath^ as to the south of 
Kunwara, and outliers of trap are scattered over it. 


T 
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The oatline of this potoh of Mndstona is itv^pilar. It is aepoiitod 
from the trap area to the north by a narrow hAt of metamoip&Mi ; 
metamoiphicB also lap itmnd it to the east. .. 

The rock is principally sandstone, limestone being of less frequent 
oocnnenoe at the snrfaoe. Foesib are acaroe. A few large oysters with 
long projecting hinges were found in two plaoes. The beds are horiaontsl 
or nearly horizontal throughout. 

In describing the country to the west it will be most oonvenient 
first to treat of the southern* and subsequently of the northern portion, 
commencing in each case from the east. 

The west edge of the patch of sandstone just described forms a 
low scarp rising from the metamoiphic country. 

Its weftern edge. 

This runs down to the Huthnee river not far from 
the village of Chiklee. Below this the Huthnee and its tributary^ the 
Sookee cut deeply through the sandstone, the banks being frequently 
formed of high cliffs of that rock. In the 
^ tetions in Hntlmee Huthnee, west of Chiklee, much limestone occurs, 

. perhaps in part representing the coralline lime- 
stone ; it contains small laj’ers made up of organic remains, amongst 
which Cidaris spines arc abundant. The limestone beds here are very 
massive, some of them 20 feet thick. Red sandstones also occur. Much 
of the limestone b dove-coloured. . 

The trap in thb neighbourhood rests upon a very uneven snrfaoe 
of the sandstone, the Utter rising in plaoes above 
^ ^ former. Thb b *especblly well 

seen east of Morasa. 

In the Sookee, west of Moram, the stream cuts its way between 
vertical difi, 250 feet high, of trap, somewhat 
oolnmnar in structure. Thick limestone oomes in 
bebw the trap, and b well seen on the road to 
JDhL It b cherty and in plaoes oonglomeritio. Reddish oiloaxeous 


• IbtwbokdiieriplaraorUiUporttatofrMBXr.WjiUMriiiotei. 
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Near Dilwaaee. 


audrtoiie lioh in fiMrila, indoding ooralsj oyiten and otiier Ufihoi!, 
Gat^'qpoda and ocoanonsllj Ammonitet, oooon below tbe IkMotoBd; 
bat owing to the hardnew of the rode and its mode oi weatiberiag none 
of these foaaila can be got ont. > 

Below the jonotion of the Sookee with the Hnthnee, the latter 
etream hows chkflj between difb of sondatoBe finr 
> ^1^6 limestone, whioh is hig^ in the 
series, not continning to appear down the stream* 
The sandstones vary ; at first they are fine in texture, red and yellow, 
dbliqnely laminated at the top, and fiaggy, interstratified with purple sandy 
layers. These layers ore occasionally shaly, and the alternations with 
the sandstone very thin. Some of the sandstone beds are conglomeritio. 
Farther down the stream, near Dilwanee, white sandstone pre- 
dominates. It rolls about, being in general neariy 
horizontal. The rocks here dip to the sontii, and 
the higher beds, including the limestones, again appear in tbe stream ; 
near Bavar strong slabs of calcareous breeds, oontuning bone ficagments, 
are seen. This bed is perhaps the same as one containing sharks’ teeth, 
which is found farther west in the Bajpeepla hiUs. 

Near Hutwee there is a fine cliff at the side of the river. The 
npper 85 feet are of white sandstone, and thin 
shaley and flaggy white and greenish beds; the s e 
ate succeeded by 30 feet of dark green or black amygdaloidal basaltio trap. 

Apparent interstratill- col’ll**^ “ which sandstone 

cation of trap. occurs again. The trap appears to mmform dis* 

tinctly to the lines of bedding, although some slight irregularity occurs 
along the juuction. The sandstone below the trap is very little, if at 
all, altered.* At the north end of the section are some small faults, 

* This trap is donbtless a horizonti^ dyke, like some other oases to be noticed. Inter- 
stretifleation of traps has not been observed in the oretaceons beds. 


Near Hutwee. 
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aad fiuUj the imp ia oat off bp a larger throw wiMi hringa in ligHYtone 
mdnatit. , 

On^ inliar of oandatone ia oat through in the Hathnee below 
rinr i ft - i thenoe totheNeibadda the atieam makea 

HiitwM. through tmp rodu, whudi have an unaaaal 

amount of nchnation. At (meplaoe a£pof ££* to theaouth ia aeen, and 
15* oontianeafiMr a litHe diatanoe, but the average dip ia about 6*. Along 
the Nerbudda for manp milee eaat and weal of the mouth of the 
Huthnee the aame dip exiata. 

Eaat of the Huthnee, between that river and the Baghnee, in the 
neighbourhood of the Nerbudda, acreral cretaeeoua inliera ocour, but- 

lalier of cntaiwoi rounded by trap rocks (see map). Near Dhunnrai, 
btdi aau Dlniniini. jjj f,„0 jylens are cut by a stream 

ATpnmng a great thickness of sandstones and shaly bMs. These inliem 
are oompoaed of rocks similar to those entering into the compositiba of 
the Bagh beds dsewhere in the surrounding country. 

Passing west of the Huthnee, the boundaries of the trap, cretaceous 
beds, and metamoiphics are, for some distance, very 

Wcit of tho Hnthooe. 

irregular. South-west of Noupoor a tract of sand* 
stone prqjects for 3 or 4 miles into the gneiss area. It oonsiste of 
nev Nan- limestone, sometunes breaking with a crys- 

talline glistening fracture aboTe, white sandstones 
and red argillaceous rock resting on white conglomerate below. To 
the south of it is a great bay of the metamorphics. In this, close to 
Soolgaon, is a craggy hill of a peculiar white rock, resembling that 
whioh is found near Hurrungaon, mist of the Dhar forest. ' * 

From Walpoor to Alice the boundary of the trap is so straight 
that it is almost certainly a fault striking west.26^north. The sand- 
stone disappears about half-way and the traps abut against the meta- 
morpbicB. 

•(810) 



140 


Sbo. 10.3 sBTAma) imKsaimamh 

SandifamM ooma in again, tewever, after a break of abont 8 auka^jat 
ibe bill on which atanda tbe fort of ^tflea.^ lEhA 
weatemaidea of tbia lull are Tefy'pieeipftoaa. A 
thliknese of about 150 £b 200 feet of aandatone ia seen; npon tbia nata 
oonglomerate, capped by ^Doeatoxie with fliniy or cherty maases. i few 
corals and oorailinea occitf. Some speaimens of Smiatier andf^aftagment 
of an Amtumiie were also fonnd. 

West of AUee the belt of sandstone runs nearly east and west, and 

Cntaoeout loota wart “ narrow in general, expanding to a breadth 
of aQm. of abont 3 miles in only one spot near Mainee. 

Sonth of this at least 2 bands of limestone occur in the cretaceous 
beds. They contain oysters and other fossils. The remainder of this 

MetaaiCfpUetiiatfBq. P**®®®*® The 

metamorpliics about Rajpoor are mostly granitoid ; 

metamorphio limestone occasionally occurring. Near Phoolmal^ however, 
they are highly schistose. 

The range of the Mutwar hills which rise from the north bank 
of the Nerbudda west of the Huthnee^ and lie 
south of Alice and Phoolmal, probably contain a 
few inliers of cretaceous rooks corresponding to those* of Did and 
Dhurmrai to the east^ and others near Kawat, &c., to the west. Ab, 
however^ it had been ascertained that the mass of the ln'Hg consists 
of trap, and but a small portion of the season remained for the 
examination of a large area to the north-west, this tract was not sur* 
veyed in detail. 

• The rocks along the northern portion of this section of country 

noekM iloDg Borthea interesting with those along the south, 

pvt of Mothm. Besides trap, cretaceous beds and metamoT pliinf ^ 

they comprise a small tract of Byawurs of somewhat peculiar character 
situated between the towns of Jobut and Kunas. 


Mutwar hilla. 
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The metainoTphiflB betfreen Ba^ ead Jobnt «n avdi M 
Vy tn^ c****®*®®* "Whew expoeed 
BtgbandJobrt. IK in geoenl, highly oyatalline or gnuutnd. 
The strike of the foliatian is steady^ almost oonstantly within 20* of 
north-west to aoath-east 

A good section o( these rocks is seen in the upper Bi^nea river, 

Swtioii is Uppw ^ Borne, where the streain 

leaves the trap, to Bagh, where it enters Ihe 
Bijawuis, a distance 18 or 14 mUes. Near Cboria, where the 
metamwiducs first crop out from beneath the traps, the former nnifiat 
of contorted chloritio quartzose schist, vertical or nearly ao, and striking 
about north-west to south-east. The rock is slaty in appearance, and, in 
plaoea, hteodated. It contains bands of grey quartzite with purting B 
of chlorite. This passes into talcose date, associsted with granular 
quartzite, containing dilorite interspersed. Farther on the same^rotA 
becomes more gneissoid, containing felspar and, in places, mica. The 
next bed seen is greenstone, composed of homblend and felspar, at first 
without any foliation structure, but passing gradually into a more 
schistose rock containing quartz veins. All of these beds have a 
greenidi colour, due to interspersed chlorite. 

The next bed that is seen is close to the village of Kurehut. It 
is but indistinctly crystalline, the minerals contained bemg very obscurely 
seen, but it appears to consist of homblend and felspar, with earbonate 
of lime- It is BO soft that it may be scratched with a knife in parts. 
It is greenidi in colour, and distinctly foliated, with quartzose layers 
in the line of strike, and, in places, fine reticulated quartz veins. Thi/ 
rode oeeuines the bed of the stream for at least a mile. It then paases 
gradually into a micaceous homblend schist associated with true gneisB, 
and all the beds begin to be fin more crystalline than near Choria. 
Passing further down the stream near. Chundawnd, granite veins are 
( 812 ) 
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mrt with, mnifying through th« greei»toiie<like homblendio lodc, but 
pnaerving a general tendeniy to panlleluai viih the foluriaon atiiki^ 
aa nanal. These veina consist ptinoipallj of quartz with iSakes of mioa^ 

From this to Bagh idiHilar highfy crystalliae rocks pmndl, gnMtte 
veins being frequent. Much oceenstone ooonrs, eometime% devoid of 
foliation, at others laminated and schistose. 

The section thus detailed is principallj interesting as illnstrating 
the gradual passage from a less to a more highly crystalline form of the 
metamorphic rocks. There is, however, throughout this tract no 
approach to the excessively granitoid development which takes place 
farther west. 

Just south of Borree cretaceous beds appear to be wanting. To 

Cretaoeous beds west wten thq^ 

of Borree. occur, never appearing to exceed 30 or 40 feet* 

in thickness. Sections of this kind (Fig. 14) occur^ shewing local denu- 
dation of the cretaceous beds. 



fig. 14. Sketch section of nnconformahle junction between trap and eretaeeons bedi^ 
near Sialee, west of Borree. 

North'west of Borree the traps are not horizontal j they have a 
low dip of about S* to the north-west. 

On the road from Borree to Eunas a stream is crossed just west 
«... of the village of Mohri, and, at the ford, there is 
a small patch of conglomerate, composed of largw 
-pebhks of gneiw, granite, &c., 8 or 10 inches in diameter, in a eanditoda 
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matrix. This rook can only be tiaoed for a few yaida in the atream ; it 
ia evidently depoaited in a hollow in the metamorphio rooka, whidi %nn 
the banks. It is quite unlike any of the cretaoeons beds, and has a much 
older appearance, yet aa no other sedimentary rocks appear in the 
neighbourhood, it ia difficult to conceive to what other series it can 
belong. It is compact and resembles some of the Talchir beds. No 
foesOs ooqU be found in it. 

A little further west, about Unthee, there is a small exposure of 

CictmoQf beds vxn South-east of 

Unthee, where these beds die out (near Kunas 
trap rests dircetly on Bijawurs), they consist of a very calcareous con- 
glomerate, abounding in irregular angular masses of quartz, and so 
strongly resembling some of the quartzo-calcaroous rocks of the 
Bijawurs that they can only be distiDguishcd by the pebbles iff rod 
jasper and other minerals derived from those beds which they contain. 

Immediately south of this is the tract of Bijawur rocks already 
of Jobut «nd wferred to as existing between Jobut and Kunas, 
and which may be described here. It is of rather 
irregular form, approaching a triangle with rounded angles. The 
boundaries arc not so distinct as are those of the Bagh patch, but 
here also they appear to be in great measure faults. The map upon 
which the lines are laid down is not very accurate in detail, and the 
boundaries of the formation are possibly stroighter in reality than they 
are represented, at the same time some of the curves in the junction 
near Jobut have much the appearance of belonging to a natural 
boundary. 

The chief characteristic of this tract of Bijawurs is the prevalanoe 
of red jaspideous rock, less Iwecciated than it gener- 
B«d jupideoiif rode. It is a ferruginous jasper with fine irregu- 

lar veins of white silica, more or less amorphous, and occasionally resemb- 
ling CSialeedony or homstone ; it covers the surface nearly from Kunaa 
( 814 ) 



Sic. 10 .] 


DITAILBD DBSGRIPTIOV8. 


m 


to Jobut^ the eoil resting upon it beings as usual^ thin and barren^ and 
the ground uncultivated. The resemUanee of tbis rock to that occur- 
ring near Bulurarree has been already referred to. 

It is of course possible that this singular jaq)ideous rock^ whioh is 
evidently nearly horizontal^ w^y be newer than the Bijawursii and zest 
upon them. But the appearances were not in favor of such a siq^poai- 
tion. With the sole exception of this rock^ the Bijawurs of this patdb 
have a more crystalline and altered appearance than those near Bagbj 
and a peculiar form of granite rock is in places associated with 
them. 

Just east of Kunos^ at the north-west corner of this small patch, 
the jaspideous red beds crop out from under the trap. Their surface is 
irregular and the trap rests upon them unevenly, sandstone of the ere- 

Surface of red beds rocks only intervening where hollows exist 

irregular. in the surface of the breccias, so that there appears 

little doubt but that the sandstones were only deposited in places, and 
it is probable that large portions of the Bijawur surface were not 
overflowed by the cretaceous sea. 

Passing eastwards from Kunas, south of Unthee, the boundary of 
the raised tract of jungle formed by the jaspideous breccia trends away 
to the south-east. Metamorphic rocks come in, but between them and 


Byswun east of Eunas. 


the jasper, and apparently lower than the latter, 
are some ill-cleaved black and grey slates, the 


cleavage foliation of whioh dips to the south-west. Immense masses of 
qfystalline white quartz occur in them, especially at the boundary with 
the metomorphics, some appearing also in the beds of the latter. This 
prevalence of vein quartz, which was also observed in places on the 
boundaiy of the Bagh patch of Bijawurs, is strong evidence of faulting. 
The lamination of the metamorphic rocks, as at Bagh, is parallel to the 


cleavage foliation of the slates. 


u 
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Hien if alfo a great fimilaritj id the oompoiitioii of the beds ap- 
pearing in the two feriefj deepite the more Bighly 
^in^arU^ oiyftalline condition of the metamorphicf. A tc- 
metuiiofplutt. markable instance if seen jnst west of Kotra 

amongst tbe latter. A limestone occurs with quartzose inierfoliatioDi 
and in consequence of the manner in which the latter weathers out^ the 
exposed suriaoe of the rock presents the most striking similarity to that of 
the peculiar quartzose Bijawur limestone. In this metamorphio rock, the 
same irregularly shaped masses of quartz and even the peculiar brecciated 
appearances may be traced which were described in treating of the Bija- 
wnrs of the Dhar forest. On fracture the metamorphic limestone is seen 
to be much more highly crystalline, and to contain layers of mica and 
other minerals, but it differs in no other respect from the Bijawur rock. 

The village of Soimulda, like most of the Bheel villages iS this 

By«wnr.iiorth.wert of co“try, is scattered over a considerable area. It 
stands upon metamorphic rocks. North-west of 
it, within the Bijawurs, are various kinds of talcose and schistose slate 
of different colours and quartzite, the latter containing pseudomorphons 
cavities, apparently after crystals of magnetic iron. In one spot a vein 
of coarsely crystallized ternary granite, about 6 or 

Granite in Byawim. 

8 feet broad, is distinctly intercalated in the cleav- 
age strike. It differs greatly in appearance from the granites generally 
found in the metamorphics. Much pure white quartz is associated 
with it. The purple schistose slates in contact with the granite are 
not more crystaUine than usual. This is the only infctance in which 
granite has been observed in the Nerbudda vsllqr distinctly mtercalated 
in the Bijawnrs, but another form of granitic rocks prevails extensively 
a iew wiiliw farther to the south-west near Jobut, and will be men- 
tioned presently. The locality of tins granitic vein was not &r from the 
boundary of the metamorphics. 
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OloBe to a village called Andliaree^ west of Saimulda^ the dates of 

Appuvnt jMiniffn of Bijawurs appear to pass into gneiBB and ham- 
into aetamor. blend schist. The dates along their strike beoome 
distinctlj more and more orystallinej as the xneta- 
morpbics are approachedi the oavsi^ from clay slate to sduBtoe# date 
bring excellently seen. Still a &nlt may separate the two rocksj for a 
similar supposed case of passage on the edge of the Bagh patch of 
Byawurs proved^ on farther and closer examinationj to be merely 

_ , apparent. Near Saimulda an altered conglomerate 

Gongbmerate in gnem. ^ 

of quartz pebbles was found in the gneiss, famish* 

ing ample proof, if necessary, of its originally sedimentary origin. 

Upon the slaty and schistose rocks just described, the ferruginous 

8c«p fonned by red “PP®*" ^ horizontaUy. Th* 

jMpideoas beds. composed of it is bordered by a low scarp, 

which runs south-east from near Unthee to close to Andharee, and then 
turns sharply to the south-south-west. This scarp is here composed 
of the red ferruginous beds above, and of calcareous schists, rather more 
ciystalline than usual, below. At the base, south of Andharee, the meta- 
morphics come in. It is difficult to decide whether this boundary is a 
fault or not. Its straightness and the circumstance that south of 
Andharee the ferruginous beds are brought against the metamorphics, 
whilst to the north, slates and other rocks intervene, are in favour of 
faulting, but the former does not necessarily prove a disturbed boundary, 
and the apparent disappearance of the lower Bijawurs might be due to 
their conversion into crystalline rocks. 

Near Jobut much hard calcareo-siliceous rock occurs, micaceous 


Galoareoni quartzite 
near Jobut. 


and dark grey in colour. It is different from any 
beds usually met with in the Bijawura Wherever 


lamination Oan be seen, it is in the usual north-west and south-east diteo- 


tion. About a mile north of Jobut, on the road to Kunas, there is 


a great quantity of a granitoid rock within the Bijawur area. It 
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JerL 


abvondi in a gteen mineral, leaemUin^ deoompoaed epidote, homUend 

in ina ai ca, bronaite and the picroamine TarieCjr ot 
Onuutoid fock. * 

■erpentine. Very possibly all the other minerals 
mentioned are only resolts of the alteration of homblend and epidote. 
About 3 miles north*west of Jobut» and nearly due south of Kunas, 
I»iu>d>i7 neu the red beds are distinctly brought 

against the metamorphics by a fault running 
north-west to south-east. The Bijawurs here terminate^ as usual, in a 
low scarp, on the top of which the red jospery beds are met with, dis- 
tinctly nearly horizontal, their bedding being well seen in a small glen, 

^ ^ , . cut by a stream which issues close to Jeri TiUage. 

Red beds, Ic., near ^ ^ 

The uppermost bed, a red jaspeiy rock with white 
Teins, is alone seen up the glen, the bottom of which is concealed by a 
deposit of carbonate of lime. Below the red bed, on the scarp Ixnmiling 
the Bijawurs, are calcareo-siliceous beds, sandy in appearance, abounding 
in strings and nodular lumps of quartz, and having a remarkable 
resemblance to some of the calcumKius cretaceous rocks. They are 
similar to the beds already mentioned near Jobut. These strata, instead 
of being horizontal, like the red beds above, are more or less contorted, 
and, especially towards the lK>ttom of the spur, they arc nearly vertical, 
their strike being parallel to that of the metamorphics close by. 

The sudden apparent change in the strike from the horizontal red 
Appeinnce of micon- above to the vertical calcareous rock below 

might be accounted for by any one of three ways. 
1. The rocks may be unconformabje ; but if they 
were, the separation would probably be more marked and distinct, and it 
is improbable that over a considerable area, one form of rock alone should 
underlie the jasper, as appears to be the case, the same calcareous sandy 
beds having already been noted beneath the red beds north-east of Jobut, 
3 or 4 wiilfls from Jeri. 2. The beds may be bent over near the boundary 
fault. This is more probable, but as the downthrow is to the north, 
( 818 ) 
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fhe Bijawiin ought to be tinned up against the metamofidiios, wheveas 
the appearance presented is that of their being tamed down^ and it is 
strange that no tendency* to any curve should be seen in the red beds» 
while all the underlying rocks seen are either much curved or neaxfy 
vertical. S. There only remains the supposition that the beddipg has 
been preserved in the red beds^ while in the calcareous and sandy r9ck8 
it has been obliterated and superseded by cleavage-foliation. But the 
pressure necessary to cause cleavage so strongly marked must have pro* 
duced some effect u])on the jaspery red beds. It seems probable that this 
effect is the brecciation^ which, although less marked in the Jobut area 
fhiLP elsewhere^ is still more or less universal. In some cases it is 
as strongly marked as ever ; one fragment was picked up of a breccia 
similar to the remarkable form previously described as occurring ^rth- 
west of Chandgurh in the J)har forest, in which stratified quartzite * 
appeared, as it were, permeated by strings of red jasper. 

The conclusion which appears most probable is, that the Bijawur 

Bijawnr. of Jobut pro. horizontal or roUiDg 

bably nearly horiMntul. angles, although they are more ciyatalline 

than usual, and although granitoid rock of two distinct kinds is assop 
dated with them. It is probable that all the high dips noticed in the 
slates and schistose beds are due to cleavage, and that the original bed- 
ding is preserved in the jaspery red beds alone, the hardness of which, 
and their resistance to denudation, have preserved a raised tract, over 
which they form the surface rock, above the level of the surrounding 
country. It is possible that the same may be the case in the small patch 
near Bulwarree. 

Before concluding this description of the beds of Jobut andKuna8,a 
Difference between remarks may be made on the differences which 

^ Byawurs of the 

foMst. Dhaj. forest and Bagh. The jaspery red bed^' 

certainly resembles the Bijawur homstone breccias more closely tbaa 
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it does tbe bedi of any other focmatio& in the neighbonthood, while 
the sohistoee dates are repiesented amongst the beds of Bagh and the 
sandy oaloareous rook in the Dhar forest. Still there is a possibility 
that the Jobnt beds may be distinct^ and as one difficnlty attending the 
eepaiation of the Byswurs firom the metamoiphioe is founded upon the 
apparent passage of one into the other in this tract, it is as well to point 
oat that absolate proof of the identity of the Jobnt rocks with the typi- 
cal Bijawnrs can scarcely be said to exist. The great resemblance of the 
peculiar red rock of Bulwarree to that so typical of the Jobnt beds has 
already been remarked upon. 

Proceeding now to the west from Knnas, the cretaceous beds are 
CraUnoQf bedf wwt ^ continue very thinly developed along the 

of Kumi. gf Ujg traps. They certainly do not exceed 

100 feet in thickness anywhere, and their average developmeflt is 
probably not above 50 feet. As usual, they arc calcareous and conglo- 
meritic near the top. Large cherty masses abound in the uppermost 
calcareous beds on the road leading from Kunas to Eatara and Bajpoor, 
near the village of Kilano. Blocks of chert 1 and 2 feit in diameter 
which have weathered out abound at the surface. 

At Borree the end of the trap hills which mark the Malwa plateau 
End of Midwa tn^ ^ reached, but the trap itself extends over the flat 
ground to beyond Kunas. Here the boundary of 
the metamoiphics toms to the northward, and only outUers of the traps 
ocenr farther to the westward. This spot is, in fact, the extreme south- 
west limit of the great trappean plateau of Malwa, which stretches, 
without a single break, from this spot to the Vindhyan scarp south of 
Bhopal. 

A great flat formed of the thin band of sandstone, upon which rest 

Oman bafeiTMo Ka* outliers of trap, occupies the greater 

ttM sad Bh^ra. portion of the country between Kunas and Bhabra. 

The surfisoe of the metamorphics beneath the cretaceous beds is evidently 
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■omewhat uneven, and ridges of it oooasianally rise al)OTe the general 
kvet of the sandstone. 

Towards Bhabia and Chandpoor, the metamoiphic rooks heoome 

Chmetorofmetamw. »ore granitoid and largely ciystslline, aU t^ 

foliation tning frequently lost. The whok tnust 
from Bhabra to near Kudwal^ and apparentlj even to Godra in the Paaoh 
Mehalsy consist of this highly granitoid type of the metamoiphioSy and 
all the pegmatitic varieties of granitoid gneiss abound. Other metamor- 
phic rocks occur^ but those above mentioned predominate. The countiy 
is hilly, the bilk being frequently composed of huge dome-shaped masses 
with immense curved faces due to exfoliation, or the surface of the hill is 
composed of huge weathered blocks. 

Throughout the tract, however, traces of foliation may be deAected 
here and there. Foliated limestone and homblend rock occur occasionally. 
The strike here becomes nearly west-north-west, and n^y of the ranges 
of hills take this direction. Such is the case in the bilk north and south 
of Mundar. A few miles north-west of Mundar 

MnnoBr 

• there is a peculiar pillar-shaped peak known as 

Ardaseer hill, composed of granitic gneiss. 

Along the south side of the Mundar hiUs is a great band of highly 
Bud of oyitilBiie limestone, containing granular greenish 

serpentine in considerahle quantities, together 
with a wnall quantity of bronze mica and specks of a black minera l, 
probably magnetic iron. Besides all these, oiyetals of a transparent 
, white felspar form, in places, no inconsiderable portion of the maaa. 
The felspar and serpentine weather out on the eqiosed anrfaoea. 

This band, which appears to be some hundreds of feet in breadth, 
may be traced for at least 5 or 6 miles, and a similar band, probably a 
continuation of the same, re-appears west of Kntteewara. 
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Other similar bands, also in the foUatkm strike of the gneiss, are 
met with near Deokee Hattee, north of Ghota Oodipoor, on the b£aks 
of the Oising river. 

Hie Mundar ranges break op abont Kutteewara, but others keeping 
the same general strike replace them, the whole series of hiUs forming 
the w a ters h ed between the feeders of the Nerbudda (or of its triba* 
tary the Oising) and those of the Mh}’e. The highest part of all is a 
table land called Buttnnmul, the flat top of which givra it the appearance 
from a distance of being formed of trap. Its summit, however, consists of 
an outlier, about 4 or 5 miles in extreme length, of 

Rattoniiral. 

cretaocouB sandstone, caps of the aame remaining 
upon two at least of the adjoining hills. The beds are onl j about 100 
feet in thickness, but they vary somewhat, and portions may slightly 
exoeed that amount, as, although their surface is remarkably level, Ihey 
rest upon an uneven base of granitoid gneiss. No trap whatever was met 
with on the top of the terrace ; it is strange, 'f it ever existed there, 
that it should have entirely disappeared, but it is difficult to say if it ever 
ensted. This occurrence of the cretaceous rocks, at so much greater an 
elevation than in the ncigh]>ouring country, must be duo to disturbance. 
It shews that the south^Iy dip is not confined to the immediate neigh- 
bouihood of the Nerbudda. 


Near Oodipoor the strike of the granitoid gneiss appears to be 
Onm near Chota irregular. So fer as it can be made out in the 
Orsing a little above the town, it appears to dip to 
the north-west, and the same takes place in the hills to the east^ bat it is^ 
not clear that this is not original bedding, as a partial cleavage was dis- 
tiB 0 % seen in the atream section in one instance with the normal 
north-west aonth-^aat strike, and a litde further north, the limestona 
bands near Deokee Hattee run in that dixectkai. 
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Section ll.--^l^iBat7DDA Valley Nopra of the bivee; prom Chota 
doDlPOOB, Panwud, Eawat and Hamp on the east to the alld- 

TIAL PLAINS OF BarODA ON THE WEST. 

In this tract, as in the last dei^ribed, mctamorphie rocks prevail to 

OenertldiitribDtionof ^ the south. The boundary of 

the latter to the westward turns rapidly south, 
while the cretaceous beds become largely developed. The country to 
the north-west from Jumbooghora and Narookot to Champaneer and 
Powagurh hill will be described in a separate section. 

The gneiss from Chota Oodipoor to Jumbooghora is the same grani- 
toid, highly cij^stalline rock which is found east of the first named place, 
no trace of foliation in general being visible ; but where such can be 
distinguished, vrhich is very rarely the we, it has a tendency apparei Ay 
to a north-west-south-east direction. This tract deserves no especial 
notice, and presents no character of interest. 

A small patch of cretaceous beds intervenes between the traps and 
the metamorphics close to Panwud. Thence to the west, for a long dis- 
tance, traps rest directly on the crystalline rocks. 

The only interesting portion of this section is the southern, consist- 
ing of trap, with some small but instructive inliei;pi of cretaceous rocks : 
of these a larger number doubtless exist than have been mapped, but it 
is believ(Hl that all of any size have been laid down. The traps of this 
country are also very interesting, ash beds prevailing to a greater extent 
than usual, and beds of unquestionably sedimentary origin, yet differing 
Q;om the lacustrine deposits of Central India, being intercalated in 
places. 

There are two principal cretaceous inliers both close to Eawat. In 
the more eastwardly of these a &ir section of the beds of which it is 
oomposed is seen in the Eurro stream, and will be detailed presently. 
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It is isr fiom deBr liow thu ialMr oooub. At fha bedt tiiroo^^t 

CMaMowinUarnaili dip to the soath, ud ilifi north boundaiy ii nenly 
or Knii. g stnight line, akog whidi beds, ■omewhnt low 

in the series, shot sgsinst the traps, the most natoial oondosion would 

Notanoraorthlniiad* ^ ^ northern boundary is a fiudt with an 

■T* upthrow to the south bringing up the cretaceous 

rocks. £ast of the Kurro, where the koundaiy strikes eaet-20**south, 
for about miles, this appears undoubtedly to be the case, for two 
siliciouB and calcareous veins which occur in the traps are suddenly cut 
off by the sandstone, which could scarcely be the case if the boundary 
were natnral and the traps consolidated against a denuded ridge of creta* 
ceons sandstone, in which case a crack subsequently formed in the trap 
would, in all probability, extend for some distance at least into the sand- 
stone. There are also other indications of faulting, the beds of sandstone 
bring turned up and cut off along the boundary. But west of the 
Kurro, there is, for some distance, a ridge of sandstone, between which 
and the stream there is a deep curve in the boundary, and another rimilar 
curve is seen two miles further west, just west of Earkunpoor. The ridge 
of sandstone just mentioned runs very steadily from the one curve to the 
other, the beds dipping to the south. The curves are certainly opposed to 
the idea of the boundary bemg a fault, but the evidence is not quite so 
pofect as might be desired, the ground near the Kurro especially, being 
much concealed by alluvial deposits. 

West of Karknnpoor thin flaky sandstone, with minute lamina 
of purple day, and some intercalated calcareous flagjjy bands is seen^ 
dipinng at about 10” to sooth- 16*-east. Just west of the stream which 
runs firom the sooth, close to the village, the trap is seen to rest, ap- 
parently naturally, though of course quite unoonformably, upon these 
beds, masses of volcanic ash appearing to fill hollows in the sandstone. 
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^ West of Karkunpoor the aeh beds are seen for a considerable 
taacOj dipping more sharply than usual towards the cretaceous rock% 
•boundary of which continues steadily to the south-west as fiur as 
village of Suriwasan. There the sandstones dip sharply away from 
trap. If the north boundary 0? the cretaceous beds were a £eiu1«j v 
the downthrow to the norths a reversal of both these dips might have 
been anticipated. The present dip is somewhat as in Fig. 15 (s) 

(Fis. IB). 



whereas^ with a faulty something of the kind ^ shown in (3) might have 
been expected. 

If> as appears probable, the whole inlier is merely a mass of un- 
denuded rock, the adjacent portions of the beds having been removed 
in pre-trappean times, this is the most marked case of unconformity 
between the traps and the cretaceous beds which has been observed. * 

The rocks seen in ascending order in the Kurro are the following 
fSrom north to south 

1. Altered sandstone dlose to the jnnotion : 
a. Ferraginous gritty day, somewhat resembling laterite : 

8. Sandstone.~The dip of the above, whidi are very iU seen, is about 
S. 80^ E., Upon them an the following; the seqnenoe was nOt 
sufficiently oonseoutive for measunment : 
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4 AhemalioDi of Am tad mtm Bad gri% naditOBe, with bttda of 
ooBgknaonie md of oHidj ckj— ^ ktter mm or Im aodular, mot- 
tled with feirogiacnis markioge, and ooBtainiiig highly fermghiDiia 
gritty coamtiona. In the oonglomaritic bandi an rolled pieoea of 
ironitoae, apparently of ozydiaed clay iron m, together with email 
qnartz pehUee. Jaetaboreone of the clay bands there ii a bed, 4 to 
6 feet thick, of ironstone, appanntly a sandy red hsmatite, which 
appean to be so rich that it might be worked as an ore. 

The above beds dip at angles varying from 5”'to 20% to iouth-20*’- 

east. 


fe Fine sandstone dipping 8. E. at about 6”t 

6. Hassire grits, chiefly composed of quarts sands much felse bedded and 

white in colour, resembling some of the coarser beds of the Damndas, 
eseepi that, as a rule, they are harder and less felspathic : 

7. HaariTe fine white sandstone, speckled yellow, somewhat grittyp with 

interstcatifications of yeUow shales. Millstones are cut from these 
beds, wludi bring free firom jrints and not difficult to work, are 
well adapted for building stones. Kocks of great sise might be pro- 
cured. Dip. 10** to S. £. : 

8. Thill sandy ahslsB snd calcareous flags containing oysters. In these there 

is a band of nodular limestone : 

9. Hard coarse grits and conglomerates. 

A small fault appehrs to occur here, and trap le brought in. This 
may be due, however, not to faulting, but to nnconformable superposition. 
Trap continues for 40 or 50 feet; then beds similar to the last are 
repeated, and upon them, fine masrive sandstone with shaly sandstone 
resting upon it. This is the highest bed seen, and it is cqvered by trap. 

The above section extends for a mile, and as the average dip is not 


TUriDBsai si^ossa. 


less than 7% there must be 600 or 700 feet of 
beds exposed, unless some unseen fault produces 


a xepetitiim. It will be seen hereafter that this is not nearly the fnU 


thickness of these rocks as exposed some distance farther, about 26 mflea 


to tibe south-west 
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^ The Mathern boundary of this small patdi of cretaoeooa bods u 

^ .. . . extremdj interesting. Near the Enno the tnm 

aDQtiMni txnuiaiirj. 

are apparently conformable ; jnst beneath them are 
the calcareons bands with oysters^ which, west of Chota Oodipoor, are 
very diancteristio of the nppdlQort cretaceous beds. Despite the general 
conformity, however, the dip of the trap appears to be lower than that 
of the sandstone. 

A little farther west, near Chiklee Nanee,* there is some diffioolly 

in determining the boundary between the tnq>peaa 

bueoftn]^ imj the cretaceous series, the bottom beds of the 

former being mostly sedimentary I 

Some of the adi beds above mentioned as ooonning north of 
the cretaceous rocks near Earkunpoor have also a sedimentary q>pear- 
ance, and contain fragments of quartz. About Chiklee Nanee, the lowest ' 
trappean beds oontam, amongst other substances, rolled pieces of trap. 
The rocks vary much in appearance. Thus, beneath the most southern 
portion of the village, which is scattered foe about a mile along a small 
valley, a section is eipoeed in the bank of a little huUah, in which the 
rock is an ashy conglomerate, composed of alternations of soft, volcanic 
ash, with harder bands containing sand and small pebbles. These beds, 
just at this spot, have a sharp dip of about 85° to west-SO°-north the , 
P ftT-ian of which is not evident. 

On the other or western side of the little valley, not 100 yards from 
this spot, the hill side is formed of sandshipes and sandy grits, and 
especially of a quartzose gritty rode, with red or yellow ochre in the 
interstices between the grains of quartz sand of which it is composed. 


• and Motee (or Nona and Hota) are aitplied to namea of villagaa in ^itriots 

WlMtaChdtatiitipokeii,jiiataiCliotoaiidBaraBre applied in Hindoitao, and mean littia 
■adlilg itapeetively. 
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Theie beda ao atrongly w aa m ble the cretaoeoaa noka that the fint^ im- 
preaaion on examining' them ia that the latter 

Ppoofi of the 

tuj bedi bd^ng to have been brought up by a faulti to which, more- 

tup MPMiu 

over, the high dips just noted might be attributed. 
But on closer examination, all the sandstone and sandy shale is found 
to contain more or less of trappean detritus or volcanic scoria ; conglo- 
meritic ash, containing rounded fragments of trap, is distinctly interstra- 
tified, and a massive bed of hard trap underlies them. The latter, so 
far as anything ia seen at this spot, might be intrusive, but farther to 
the west, near Ghantol, where the sandy and ashy beds are of great 
thickness, and comprise fine red sandstone, and even a band of compact 
limestone, their base clearly rests upon a thick trap flow, which again 
rests upon the uppermost beds of the cretaceous series. That the ^ttsr 
are the uppermost beds is shown by their character,— sandy or even 
finely oonglomeritic and calcareous, and by the presence of oysters. 

There is evidently a passage amongst these ^imentaiy beds of 
the trap, and that within a short distance, from almost pure sandstone 
to ordinary volcanic ash, and the sandstones of one side of the Chiklee 
valley evidently correqiond to the ashy beds on the other side. That 
all or nearly all are sedimentary is clear. 

Homblend and augite crystals, such as are occasionally showered 
out of volcanoes, occur in these strata. In some places the beds attain 
a thidenem of certainly not less than 200 feet. 

It is very clear that all these sedimentary beds belong to the trap. 
They have very much the appearance of the detritus filling river beds, 

FtebtUeorlginortbase seems highly probable that streams hollowed 

MdiMitarj btdi. Valleys in the trap flows, and partially filled 

them again with rolled stones mixed with volcanic ash in the q[»aoe of 
time intervening between suooessive flows of lava. 
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It if probable that the thick trap bed near Ohantol maj liai64teied 
a dan bdiind which the conglomeritic and ashy beds 
Th^ thin out apparently both in that direction and to the eaM^ and 
only extend over a breadth of two or three miles^ such as m^ht easQy be 
the dimensions of an ordinary rv€r Talley. 

Trap is seen within the cretaceous beds near Ohantolj but it is 
evidently intrasive. It is a massive crystalline 
black basaltj very compact^ with small crystab of 
felspar. A little further west^ a small fault, runuiog north and south with 
an upthrow to the east, cuts across the little patch of cretaceous beds, here 
not above half a mile wide, and not far beyond thqr are covered up by trap. 

Another long narrow patch of cretaceous beds occurs just north-west 

lolier north weet of described ; it has a similar southernr lip, 

that lait deseribed. presents, in many respects, a repetition of the 

same phenomena. The northern boundary extends for aboOt 7 miles in a 
straight line throughout and may be a &ult, but clear evidence is wanting. 

The beds are mostly hard sandstones, as usual. Ferruginous lateritic 
day is met with as in the Kurro. As in the inlier last described the 
F«iitprob.M,abti.g sandy limestone oooasiomilly fonus 

between two iniien. the uppermost beds, especiallj towards the wes^ 

so that a fault throwing down the sandstone to the north-west probably 
intervenes between this and the other patch. Without supposing a fiinlt 
to exist it is not easy to conceive how the same bed can occur at horizons 
BO different as those of the upper beds of the two patches. 

Supposing the accompanying section (Fig. 16) to represent the 








Fig. 16. 0s creiaoeoaB beds: i, traps. 

ground, it is evident that if the beds at a and those at & ate tiie same, 
a fault must intervene. * 
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But if • Suit does intemne, why ihoiild thia not be the north 
honndeiy of the BOQth*eact patch of sandstone ? The leesone for doub&ig 
the fauh natoie of this have already been given, and it appears probable 
that the fault may have been of |«e>tiappean age. 

South of these patches of sandstones, in the mass of bills whidi 
intervene between the Nerbudda and the flat ground watered by the 
AAj riTiilr"-- and and other branches of the Hiran stream, 

there are many beds of the ashy sandstone and 
rf the abofc. Conglomerate already mentioned, and also oc- 

carional small patches of cretaceous sandstone^ so irregular in their 
mode of oocurrenoe that they are e\ndcQily in part brought up by 
faults. 

A few miles south of the Chiklee Kanee before mentioned^ an ashy 
conglomerate is largely developed on the banks of a tributary of^^the 
Kurro, betweoi the villages of Mogra and Nakhal, and a1)Out half a 
mile north of the former. It contains rolled and angular fragments 
of various rocks, comprising altered sandstones, slate, and quartzite 
in small quantities, ciystalline marble with octobedral crystals of 
magnetic iron, (a rock not observed iu the district), and, above all, of 
trap. The matrix is mainly trappean, with homblend crystals, and has 
the appearance of ash. It is excessively difficult, if not impossible in the 
semi-decomposed condition in which these '' ashy^' beds occur at the 
soifime, to ascertain whether the matrix consists of small rolled fragments 
of trap or of volcanic scoriie. ' The latter, which is so largely showered 
oat daring volcanic eruptions, would be, of course, swept >in quantities C 
into any stream which might exist. 

Tlie conglomerate just mentioned is distinctly seen to rest upon 
trap. It most be some hundreds of feet above the base of the volcaniq 
series. A similar bed, also overlying trap, is met with about three miles 
farther east at Boegor on the Kurro. It abounds in rounded fragmente 
of sandstone derived from the cretaceous rocks. 
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A little Boulh of Boojar, close to Chiklee Ifotee^ a email patoh af 
Id1i« umt ChiUee ®*’®^<5eous limestone appears from beneatb the 
trap. It is 100 yards long^ and is bronglit 
up on the sooth by a faulti the beds dipping north on the limes* 
tone. A Hemiaster occurred with the oysters which are so common 
in this part of the country^ where ike Bagh Echinoderms seem to be 
excessively rare. 

Similar small patches appear to abound throughout this country ; 
two or three wore seen between Padwani and Mogra. Large fragments 
of sandstone were observed in a stream near Hamp, evidently brought from 
the south bide of the hill on which Ambadoongur stands^ and blocks of the 
same are scattered in many places over the country. In the latter case 
they may frequently have been derived from the trappean conglomerate 
already described^ tbc surface of which at Boojur is covered with such 
blocks^ owing to their superior power of resisting denudation, when com* 
pared with the traps. To have searched out and mapped all these small 
iniiers would have been the work of months. 

The ash conglomerate is also largely developed. It is evident that 
the sandstones about Mogra^ &c., arc at a much higher level than at the 
Kurro near Kawat, and as their dip is there for the most part to the 
souths the difference must be due either to a great change in the dip or 


to faulting. The traps dip generally to the south, so the latter is more 
probable. The faulting may of course have been anterior, in part at 
least, to the deposition of the traps. 




Close to Padwani, and north-east of Kotebec, there is a veiy 


Near PadwauL 


irregular little patch of cretaceous rocks. In a 
small stream running towards the west sandstone 


is seen in place for a short distance. Just south of the stream is a hill 
of a peculiar porphyry, and beyond that again much sandstone and* 
oaksareous are seen lying about, part of which appears to be in place. 
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fiM iattfnuBg hill is of a peooliar light gny pnphjrilio tnp, m> 
fiMing i tnohyte, and in gnat neaann oompoied of findy dinenuaated 
aeolito, probably a Awm of natrolite. Soatterad throoghont tho iw^ an 
mallciystalaof blaok homblend, aiz sidod priamswitb tribednl aammita, 
varying in length, aome of them acionlar, othen dioit and bhmt. TUa 
tnp alao contains amall angular fragments of other rodca, evidenily 
altered. Close by is a mass of basalt, oontaining fragments of qnaita, 
half mdted into and permeated by the ti^>. All around is ash, resting 
upon the aandatone, and frequently itsdf sandy and mixed with sediment. 

Tho porphyry and the basalt with quartz fragments are, in aU 
probahiUty, intranve ; the sandstones are mnch disturbed, and the qwt 
may my possibly have been the site of a volcanic outburst Tho 
my large proportion of ash beds in this neighbonrhood, and the frequent 
Tit H iii r- Ilf - T-"— occurrence of masses of intrusive trap, seemokady 
emti^ to indicate a centre of igneous action, perhaps 

port of the great volcanic focus of the Rajpeepla hills. 

All tbese hills of volcanic ash are highly fertile, and th^ are fre* 
qnently cultivated to their summits. 

Boturning from the hilts northward into the plain country of Eawat, 
of eooBtrj proceeding westwards down the valley of the 
*** Kowok Knrro and Hiran streams, all is trap for a long 

distaaoe, no patches of sandstone occurring. Conglomeritic ashy beds, 
though fiw leas eommon than in the hills to the south, are occasiorwUy 
met with. A section of one such band is seen in the Knrro near Sin» 
rnintiwoililt liiifl Bwr contains rounded mnnsne of various kinds 

Bag» of trap, indnding most of the ordinary varieties* 

■Iso of gnmite, metamorphic quartzite, and slate. The fragments of 
tnp an just as much rounded as those of other rocks. The abnndanoo 
of the fragments of metamorphic rocks is noteworthy, as it prom that 
the whole oonntiy rdrem this bed was deposited was not oomad by 
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tibs BliJungli the band in qaeetion ie some distnee slteve the 

* base of the series ; and as the (mly rodcs seen helasr 

Dinctioii wlienoo 

detritM ww pvoliibfy the traps to the south are sandstonesj it is piobuUs 

4wiyflda 1 • • * 

that the detritus in thin and other ' 

derived from the northe quartaite snd slate fin^^ments must alsOj 
in all probability, have been derived from that direction, frmn the 
neighbourhood of Jumbooghora and Champaneer. 

The neighbourhood of Matapenai (or Kurali) hill is of 

uu, interest The hiU itself is a craggy peak, of a highly 
crystalline, greyish trachyte, having somewhat the 
appearance of a felstone, and composed, mainly, to all appearance, of felspar, 
with interspersed augite. Scattered throughout the maai are huge blooka 
of granite ; these, towards the top of the hill, are so abundant that it 
might easily be supposed that the metamorphics cropped out there* 
Many of these blocks are of great size ; some almost form small hnia by 
themselves; one mass on the south side of Matapenai is peculiarly 
conspicuous. To the east the hiU ends abruptly, metamorphics occurring 
at the foot and extending to the north. To the west a long spur ex» 
tends, composed of interstratifications of very hard ash breccia and of 
ordinary basaltic flows. 

In the section exposed in the Hiran stream, north-easi of the hill, 
SectiQn in Hiran “^^tamorphic rocks extend for a considerable dis- 
tance. In this direction also, the trap, near the 
village of Sodawnd, contains fragments of granite, some of them of great 
size, and in one place, on the south bank of the Hiran, a small dj/he of 
gtanite is seen intersecting tie trap» It is fine gramed, and contains very 

I^ke of granite in breadth is about 

Ifi inches, and the dyke can he traced for about 
6 yards, while small veins, ^ inch to an inch broad, are given off from 
it and ramify througli the trap. Small fragments of trap are contained 
in the granite dyke. ' 
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Ftfther down tiio gticnin dykes of feleptihie trap, like that of Mn- 
tspeosi hilly inteneeitheorduuuy imp. Ash conglomerates also oconfy the 
pebbles being chiefly tnppeany with only a few of granite. Jnst opposite 
to Ooebedy alsoy mafwes of granite and small dykes of the same rock oocor 
m the trap. The trap passes into a highly ay^Uine variety, composed of 
fldqpar and either aiigite or hornblend,— it is dilDcult to determine which. 

The only explanation which suggests itself for these very onosnal 

lUtap«.tiail.pi»mm7 phenomena u that here, a. in one or two otlier 
Ihteoicor s Tokmmw instances noted, the nuclens of one of the great 

fohsanoes of the Deccan trap pericnl is ex))osed. There is clearly a 
great intrusiTe mass of trap which has carried up the blocks of granite 
with it, and its highly crystalline structure points to slow cooling. The 
oocQirence of small veins of granite in the trap is not easily acconnted 
for. Some of the blitcks of granite may have been fused and ii>j<^«*d 
into previously consolidated trap, but it is not easy to understand bow so 
H fful a rock as granite c*ould e(»-cxtst in the fWil state with a basic rock 
like dolerite. Where grauiU* bloc'ks are contained in traj», as at Muodlaisur 
and on Matapenai hill, they always appear to have combined with the 
trap on their edges,* 

A few small inliers of sandstone occur on the Men river. They are 
mostly of small size and unimportant, and consist 
mainly of eonglomcritie sandstone. 

Sandstone of cretaceous age, as has already been shown, is wanting 
along the bonndaiy between the traps and metamorphios for a long distance 
west of Panwud, and is not even seen near Mata-^ 
hill. It appears close to Wasna on the Hiran 
river, and occupies a considerable area south and 
.west of that place, disappearing to the west beneath the alluvium. 


Oatfim on Mm rivor. 


. Tilt *»*"«*» MMou»Mtion. bat the win. eoiddwMn^ 

ftM. tMr forw bat. bwa open omIm, ud tb. MMUoeuT • reek of th. «iBipa.itIuB «t 
gnaUe It the diSL-nlty, 
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whioh conoeals a large portion of the Borfaoe^ even up to’ the trap 
boo&dary. 

Close to the right bank of the Hiran near the village of Shihadmj 

Bocks near Shihadra ® south of Wasna^ conglomerates of milk^ 
south of Wasna. quartz pebbles are seen in an almost purely 

qnartzose matrix^ coarse^ gritty^ and white. The beds dip at about 
10" to Bouth-10"-weBt. Fine sandstones are interstratified with the con- 
glomerate^ and upon them rest deep purplish^ nodular^ ferruginous sand- 
stone^ somewhat shaly in parts^ with dark grey shaly^ soft^ felspathio, and 
nodular calcareous sandstones. All these beds are near to the base of 
the cretaceous series^ the metamorphics coming in just below them in 
the Hiran^ and they are unfossiliferous^ as the basement beds of the 
cretaceous rocks usually are. 

The next stream to the souths the Aswun^ flows for a considerable 
distance through the cretaceous beds. They roll 

On Aswun river. 

about at low angles^ with^ however^ a general 
low south or south-east dip. 

To the west of Uggur, the principal beds seen are fine and very 
hard sandstones, precisely like those in the Deva 

West of Uggur. 

near Doomkhul, south of the Nerbudda. Softer 
beds are only exposed to the east. Close to Wajeria^ some hills of 
granitic rock^ at the boundary of the cretaceous and metamorphic beds^ 
are capped by massive conglomerates^ hard and gritty^ doubtless identi- 
cal with those seen at Wasna. This band of conglomerate is very similar 
to the Mahadeva conglomerates of the Nerbudda vall^. 

East of Uggur, about a mile south-east of Nuswadee, hills of conglo- 
merate are met with near the trap boundary, which 

East of Uggur. 

belong to beds much higher in the cretaceous series 
than those just described. The rock near Nuswadee resembles that seen 
in the small inliers at Nowgama and elsewhere near the Men. The peb- 
UeSi instead of *being all, or nearly all, of white quartz, as in the oonglo»- 
merate at the base of the series, comprise slates and several forms of 
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utimnrpliif nekti hmiim qu a rt rf te tad nd ja^ir. TUi 
m fiict» pmiidy memUet tlait of tbo Dhar fbraoU 

It ii pnl«ble that tha tia|ia between Waana and Nnawadae rata 
npoB badi low in the cretaeeoiia aariea, the appw membeta having either 
bean denuded, or having never been depoeited. In the Men river, near 

Bar KekeemM. Knkoowami, the upper foaeiliferoua beda oome in 
below lha trap, and the tract of aandatone aonth seat 
ef the Men appeaie to oonaiet principally of theee beds, bat th^ are laiel^ 
eqpoeed at the enrfiMw, there being generally a thick alluvial covering* 
At KukoowMan, in the bed of the Men, the nppennoet twenty feet 
below the trap oonaist of altemationa of nodular limeetone with while 
eartlqr and rubb^ bade, alao calcareoua. Theae beds abound in fbaaila 
whieh are, however, much crushed and ill*preaerved. Oyaters predominatej 
a few CTasIsri^pode, not in sufficieDUy good state of pieaervation Uf be 
and a plate of a ddarii were alao found. 

Below the limestone oomee fine purplish grit, and then maaaive 
sandstone and oonglomerate. All these beds appear to dip neoriy 
oonformably beneath the trap at about 10** to soath-S0'’-east A 
bend above Kukoowaaan again takes the course of the river for a short 
dktanoe ont of the traps, and exposes the same upper beds of tha 


Between the Aawun near Uggur and the Men river all the rooka 
are eoneealed by alluviom. la the Meo, at Ulun or UIwun, Uoieh 


purple ahalee wi 


eoft aandstonee 


aoaiiisrnwiUB 

maa. 


nmeroua small irregular cahsareous uodulea and ooaraa 
seen dipping at about 15* to the south-east About 
100 yards further south, on the road leading to ^ 
Oundaahwar, coarse thick maaaive sandstones ooonr. 


hoiiaoiiteL Beating upon these are flaggy calcareoua beds, aaao* 
doled with yellow ahalea, about 60 or 60 feet thick, and abounding with 
ofsteii of at least two diSneot fimaa, one somewhat triangular, tha other 
laf^aad cnL In tha ahalea are fragmants of plants and mariDi re- 
asmUiag tha tmeka of msall C iuet a e aa, 
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South of the Men, nearly as fiur ae the Nerbudda, my littlo toek 10 
eeen^ the boundary of the trap has, for the moat part, to be infenad 
from Bcattered fii^ents, or from the change in the colour of the eoiL 
Where rooik is seen, it is generally some form of calcareous shale, fi<o> 
quently containing oysters, fragments of sandstone are scattered over 
the whole country, even where the underlying rock is trap. It is probable 
that small outlierB of sandstone occur within the trap boundary, but they 
must be of very small extent. 


Near fihadurwa, north of Gundc^hwar, there is a low ridge of gritty 

Worth Of G«,d.*w«. to 

To the east of this are some low ridges of slightly 

fossiliferous limestone. Traps come in to the south upon these beds, 
Fossiliferous strata containing shark^s teeth are met with in the Men, 
near the village of Dohud. 

The thickness of the cretaceous rocks exposed in this tract of country 
ThirVnmn nf oiutacooui much greater than elsewhere in the lower 

Nerbudda area, west of the Hoshungabad district. 
To the south, in the Deva, a great thickness ^occurs (see after), but 
the base is not exposed. Owing, however, to the imperfection of the 
sections, and the great extent to which the surface of the country is 
concealed by alluvium, it is impossible to say what vertical thickness 
of rocks may exist between Wasna and Oundeshwar. Their outcrop 
extends for 8 or 9 miles ; their dip, wherever well exposed, is to the south 
and not below 5”, but local irregularities and rolling prevent even 
an approximate estimate of their thickness from being formed with any 
reasonable prospect of accuracy. 

From Barr to Wurgam, the river Nerbudda runs through a deep 
narrow channel cut in massive trap, frequently columnar, and resembling 
the thick beds at the base of the Malwa Ghats. 

Two inliers of cretaceous rooks occur in the 
Seotioa la Neilnidda. between Gundeshwar and Booipmli 

Both appear to be brought up by fruits. 
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Hie more wmtwwMy mod larger of the two eonaieli mainly of 
euidaloiie with aome fiMiiliferoiu ehalee. It ia not certain whethec the 
north boundary ia a &ult| the aonth ia almoat certainly ao. It oooom 
cdoaa to Leemdee. 

The little mlier near Wnrgam doea not extend for above half a mile 

InBcr of rrrtiniioni On the aouth-east the aandatone 

lacks Bear Warguii. cropa out naturally from beneath the trape ; to the 

north-weat it w cut olT by a fault, which is parallel, or nearl}' ao, to the 
findt entting off the other pat<*li near Harr, and alao to the fault bound- 
ing the Deva patch of aandhtonc, a few miles furtlier south, on the 
north and south. On the south-east, in the river, trap is seen resting 
on purpliah oonglomeritic saiulKtonc, beneath which again is calcareous 
blue nodular shale or shalcy limestone. But 150 or 200 yards further 
west, the section below detailed is cxjiosed on the south bank*' of the 
river, all the beds being horizontal : — 

F«?L 

1. Tnp 100 

a. White oosne conglomcriur Minliitone 40 

a. Conne parplwk un<Uuirio «ith liiuMioae frii|(niu.iiU 10 

4. QiIcmvuiui bine nodular alude ... ... SO 

the bottom of the last IxkI not being seen. 

Here the upf»er 40 feet of white oonglomeritic sandstone ia inter- 
calated between the purple aandstone and the trap, the white band having 
appaicntly been denuded before the deposition of the traps in the river 
aection. Hiia is one of the instances ao constantly occurring of alight 
nnoonformity between the traps and the cretaceous beds. In the purpln 
muuktaoe is a band containing a small species of oyster in great numbem. ^ 

Snonm IS.— Couxtrt HoaTB-BAvr or Basoda ih mt nbiohboubuooo 

OF CUAMPAKXBR. 

Unlike moat of the other aecriona into which the area described in 

Omend iWitillmiliai of memoir baa been divided, the present ia not 
only mainly ooeupied by one group of rocks, but 
that group ia one whidi doea not reour daewhere within the area; it is 
> 



SBC. 12.] 


DETAILED BlSCBIPTlOirS. 


If7 


tlut which I have described above as the Champaneer group. These rooks 
areVirrounded hy granite and granitoid gneiss on the north-east, east, and 
sonth ; to the west they are oovered by allaviam, the great trappean «»««« 
of Powaghur hill intervening in one place, and two very small outliers 
of cretaceous rocks in JEers. To the north the extension of the 
Champaneer beds has not been explored. 

It is evident that to the westward, the greater portion of the 
trappean and cretaceous rocks have been removed by denudation, any 
re mn a n ts of these which may exist, with the exceptions just noted, being 
concealed beneath the alluvium of the plains of Baroda. 

The north-eastern extremity of the Champaneer beds is close to the 
bods neox of Dhunpoor, about 6 miles east of Kudwal. 

Dhanpoor. They consist here of quartzite, a ridge of which 

runs for miles along the south side of the valley in which Kudwal lies. 
The rook is fine grained, and in places micaceous. To the westward the 
range expands into a broad tract of hilly countiy, composed of ridges of 
quartzite, and intervening valleys of schistose rocks more or less oiystal- 
line. Limestones also occur, some of them oontaining white homblend 
(tremolite), and the same peculiar felspathic mineral which is found with 
serpentine in metamorphic limestone north-east of Chota Oodipoor.^ 
Another bed is a calcareous quartzite with fine crystals of Actinolite. 
The direction of cleavage or lamination of these beds is west- 10" to 20"- 
north, but the bedding appears to be very different from this and variable. 

In the valley about Kudwal, the rocks are much concealed by 
alluvium. Where any appear at the surface, they 

^ BTssr EndwA. 

are mostly slates with vertical cleavage, striking 
west-10"-north. At the base of the hills near Barr, a very crystalline 
ocnglomeritio rock occurs. North-west of Kudwal, as far as Virpoor, 
the principal rook seen is slate. About Khuttas are very dark quartzites. 


* Set mUe ji. 160. — ^If the limeetone nesr Kudwal were more eryatall'me and the horn- 
blend eonTarted into lerpentine, both of which are the simplest of metamorphic dmagie, U&e 
beds wonid be identical with the metamorphic limestones of Chandpoor, north-eeat of 
Cliote Oodlpoor. 
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conUiniiig fetipur and diloritej and veaemUiiig baaaltio trap in estemal 
ajjpeamnee. Soma bombleDdie graenatonea aho oocmr. * 

8<mth of the belt of hilla near Kndwmb and around Jnmbooghoray 
neailj aD the amiaoe is oompoaed of granite, paaaing occaaionally into 
granitoid gneiaa. North-weal and weal of this plain, the hillaof Narookot, 
XMrJmnboofbocmBBd oonsiat of the quartxite and 

conglomerate of the Champaneer gronp. South«weat 
of Jnmbooghora the rocks, although somewhat similar in compoaitioBj 
are more highly metamorphosed, the bedding in places, aa near Peepia, 
being obliterated. In Masaaliar hill near Pt>epia, a spur running to the 
cast oonaiati of very quartzose gneiss, containing large rounded masses 

MsteBOTfiiUe ooBfrVnne. quartz and other locks. It is evidently a meta- 
nts la MsMbar bUL moqihosed conglnmerate, and a rock of ptocisdy 

mmtlay oonstitotion, though unaltered, abounds in the Chumjuineer leda 

Some good exposures of the Chamiwneer lx*ds are seei* on the road 
from Jnmbooghora to Sooraj|xx>r. The range* of hills north of the road, 
at the extremitv of nliieh ii> Narookot, is formed 

Msfookot bills. 

of a fine granular iiuurtzite-sandstone, vertical or 
dipping at a very high angle to the southward. Similar rocks form the 
hills to the north near Dandiapoora, &c., and indeed the latter have much 
the appearance of Ijeing cqm|ioB6d of the same great bed, which rolls over 
to the north of the Norookot range and then appears to turn up again. 

South of Narookot granite and gneiss occur in the valley, and in 
anB bills to the south, but at Anandpoor slates and conglomerates 
come in, vertical or dipping south, and apparently resting upon the quart- , 
ates of the Narookot range. They are probably fiuiltod against the 
gneiaa The slates are in places well cleaved and fine grained, and 
aflbfd good roofing slate. 

Conglomerates form a ridge of hills south of the road as far is the 
village of Jhubban ; there thmr twist round, oon- 

BocksMsr Jbsibbsa. 

foniMUjr to the nnderlyiag and dtp 

wwL Upoathem, WMith of Anandpoor, awriee of qiuutDtae'iwti,h»Tiiig 

(MO) 
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Bverjr dystalline appearance in parts, and inteTBtratifie4 with sobistoBe 
shalej beds. These have the same southerly dip as the conglom6catei« 
But on their strike to the east, granite and gneiss appear, and in tbig case, 
as in some others, it is diffici> to decide whether the change is due to 
faulting, or to the metamorphism of the quartzites and schistose beds. 
Ghnnitic rocks also come in to the south. 

West of Jhubban gritty quartzite sandstone rests upon the con- 
glomerate band: the cleavage, which is ill seen. 
West of Jhubban. . , j 

striking west-20 -north, vertical. Next m ascend- 
ing order are black clay slates, followed by black* calcareous beds, dip- 
ping to the north-west and with the same cleavage as above. Above these 
are well cleaved purple slaty beds, containing crystals of magnetic iron. 

Near Soorajpoor quartzite-sandstone is met with 
Near Soonypoor. . i i 

associated with bands of impure magnetic iron, for 

the most part earthy, and containing much manganese. They dip north- 
40*’- west at a varying angle, generally about 35*’. Just on the road but 
little limestone is seen, but following the strike of the beds to the north- 
west, it comes in in large quantities, being tolerably pure in places, but 
generally silicious, and contaming quartzose laminsD. 

North of Soorajpoor the range of hills consists partly of quartzite 
with ferruginous bands, but chiefly of unaltered 

North of Soonypoor. 

sandstone and shale, more or less cleaved. Amongst 
the rocks are some white and very felspathic grits, with the felspar 
altered into kaolin. The rocks here shew none of the alteration and cxys- 
stalline structure which are seen about J umbooghora and Kudwal. The 


cleavage is about west-SO*’-north. 

Near Talaodi and Dharva, apparently resting upon the beds just 


Quurtiite near Talaodi 
and Dharfi. 


described, a ridge of hard quartzite is met with, the 
continuation to the west of that already mentioned 


as ocourring south of the Kudwal valley. The beds composing this ridge 
dip at a very high angle to the north, and are, in fact, almost vertioaL 
The quartiites are hard, almost metamorphic in appearance, compact, 

(84i ) 
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hnmkmg with m oowdiokliil ftaotar^ and bomogeneoiiB, ezoqpt whm^ eat 
by qiunti feme, whieh thqr aie to a harge extent. 

Phfther to the north, the eonntrj has not been examined in any 
Cbnliy to aortk to- detail, bnt a baity tnrme ahewed that Cham* 
paneer beds and metamorphica alternated for aome 
diataaoe. Near Godra all the auriare consiata of the latter aeriea. 

Be t ween Soonyptnir and Powagurh liill fmt few rocka are aeen, 
etrti flo In opper port rxoept in the upper part of the Deo atream, where 
oC Oio ii»w. ^ good aection of the Champaneer Ijeda ia expoaed. 

AD are Tery alaty. Near Dabon ochiatoRC alatea and oalcareoua alatea 
ooenr, dipping at 40** to north-25'*-wcat, and with clearnge atriking weat- 
iS* to 85*-north. The calcareous beds are aliaolutely unaltered, except by 
deaeage, the direction of which near Bhameria changes to ' 

north. 

Joel north of Bhameria a little conglomerate occurs. It is eridently 

Ootllor of ereuwooi ^ small outlier of the cretiiccous lieds. To the 
fodu near Bliomona. g^th of this is <juartzite-sandstonc, (Yjelonging to 

the Champaneer group), dipping north by east at high angles, rippled on 
the Burfaccs of the slalw, and in places exhibiting oblique lamination. 
The beds are white and somewhat felspathic ; the felspar deoompoaed. 

Near Soodim granite or g^nitic gneiss comes in, with lamination 
parallel to the cleavage of the Champaneer beds. 
Osmlto BMT Boodta. purtboT south, near Javunpoor, hills of oompaot 

goartdta oeeor. 

AD oioand Sonapoor ia highly granitic, and the whole ooantry ten 
the east of that village is similar, completely enttuig 
WMsftaatpoor. ^ ^ Champaneer beds. But to the aoatb, 

gimndar qaartdte, appoiently bdonging to that group, appears aroand 

diMlilh Ilf n 1 South of thia again granite reappeers, 

bat the Dhurrola ridge jeine on the weet the 
range of hiDe near Bidfanl and Qogotpoor, whiob ia of very eonqpeeb 
qparlaite, eomewliat metama^pboeed in parts, theagh at IMml dote 
(S4«) 
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ooom, with cleavage etrikiog weet-20*-iu>rtih. The niige imaiag 
soatii-eaBt from Sidhol is also of qaartaitsu 

Didhult 1 • 1 

whioh, near this, dips every way &om the giaidta 
of Manikpoor, upon wb-H it appears to rest. The last * snentioiiad 
small of hills runs ior some distance out into the alluvium of 
Baroda plain. To the south of the ridge, on the road from Manikpoor 
to Maro, schistose slate occurs, followed by a white quartzitewbrecda in n 

Beds near Man> reddish-brown or dull brick-red matrix, siliGiona 

and sandy, not jaspideous ; this rock mudi 
resembles some of the Bijawur breccias. 

It is far from clear that these rocks belong to the Champaneer beds) 
scarcely anything being seen, except quartzite. Still the ptbbability 
is in favor of their affinities being with those rocks. 

A small patch of cretaceous beds is seen in the Deo river 

Cretaoeoni beds near Moowada ; alluvium then comes in, but further 
Moowada. down at Viarra some trap is seen. 

No trap is met with west of the metamoi^hics and Champaneer 

^ ^ beds to the north of Viarra until the base of 

Fowagnrh hul. 

Powagurh hill is reached : this immense isolated 
mass of trap forms a most striking feature in the landscape for many miliw 
around. It is a huge terraced block, rising very steeply to a height of 
above 2,000 feet, and shews the enormous denudation which has affected 
the region since the trap period, for Powagurh must have been connected 
by beds as thick as it is high, or nearly so, with the equally masrive beds 
of the Bajpeepla hills. It is not easy to understand how the whole large 
intervening tract can have been cleared of trap without marine denudation, 
ftfid Powagurh may possibly have been an island at one time. A very slight 
change in the relative levels of sea and land would suffice to render it BO again. 

The traps of Powagurh, unlike those to the southeast, are per&etly 

FmUu taps of ^ portion of them posse^ 

VwngaOu ^ Yery peculiar mineral diaracter. The number 

of terraces on the hill aide ia far greater than usual; there axe SO in a 
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Powagurh hill. 
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tiueknes of about 600 fiNt below the upper flat : only a portion of 
are dne to tbe oidinaiy baialtie tava flows ; the remainder oonaiit of a 
peculiar light purple argillaceous rock, rare elsewhere. It has a some* 
what eherly apiwaranoe, and generallT contains small crystals of glassy 
felqpar: this rock is sometimes mottled, par|dc and grey ; it is almost 
always distinctly marked by planes of lamination, parallel to the Strati- 
fication, and sometimes so finely so as to resemble an ordinaiy shale more 
than a volcanic rock ; yet tliese lieds occasionally ap})car to pass into 
baMtltic trap, and one form of basalt, that containing ciy-stals of glassy 
felspar, weathers, at the edges of blocks, into a substance cloaely 
resembling the puriilish shaley rock just descril>ed. 

It is not eas}* to explain the formation of such beds. Frequently 
they have the appearance of volcanic ash, but, on the other haiid,^their 
highly laminated structure appears due to de]iusition in water ; yet it is in 
places irregnlar, and the beds contain pumice, which could hardly be 
expected to occur in suljaqueous formations. There is a possibility of 
tliese rocks having been flop’s of vulcanic mud of great tenuity, or their 
peculiar character may, in }>art at least, be due to changes subsequent 
to their consolidation. Similar beds are veiy rare amongst the traps, and 
no other instance of their development on an equally extensive scale 
ebewbere has as yet been observed in Western India* 


SlCIIOV IS.— AXftlSO AKD KaXTXX, ox PaBVXI ; VBOX ToOEXJir Mdl 
OV TBX BAST TO TUB WB8TBBK WAIBBSHBD OF THB DbVA,^B 1VXB OH THB , 
wxar, AHD FBOM THB NXBBCBDA TO TBX XOBTHXBH BOUHDAn Of 
KHAHiniaB. 

Widi the exception of a small patch of aandstone and diale 
OMdatstritaitesr ita weitem extiemity m the valley of 

Bevm, the aeetion of ooontiy now to be described 
ftoniiits entiidy cf tn^. Ihe oountnr is a maas of hiAa. manv of them 
of oonsiderahle heifl^. 
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Contrary to the general: rule in the case of the trap hills;r the isdges 

nnuBoal fonu of wme ^7^ Toorun Mul are rardy flat toppedi. 

of the trap hills. frequently extremely craggy. The range on 

the borders of Khandeish is remarkable in thia respect. As a rule^the beds 
dip very slightly^ more so xx^^^eYer than they do in Malwa or the Deccan. 

The traps of Toorun Mul itself are nearly horizontal. To the north- 
west there is a low east-north-east dip^ and 
this, turning to north-north-east, continues as 
far as the Oodai river, where the dip is about 6®. These dips frequently 
can only be seen from a distance upon the hill sides ; consequently it 
is difficult to ascertain their exact direction. Local dips in nuUas, 
&c., are not trustworthy as a rule, the surfaces of the lava flowp being 
very irregular. The traps of the hiUs along the northern boundary of 
Khandeish have generally alow northerly dip, but it is not very regular. 

But few trap dykes occur in Akranee when compared with the coun- 
try to the west. Around Durgam, however, there 

Trap dyk6f. 

are several parallel dykes of small size. Near that 
A^llage they occur every ftOO or 300 yards. They strike east-15® — 30®- 
north, as in Bajpeepla. Some of these dykes are highly crystalline, 
composed of felspar and granular g^enish augite. South of Durgam, 
where these dykes intersect certain flows of basaltic trap, there is, close 
to the junction, a great development of the flat tabular crystals of 
glassy felspar which characterize the porphyritic variety of the basalt. 
The matrix is a dark grey rock, in which the augitic and felspathic 
elements are readily distinguished beneath a lens. It is amygdaloidal, 
containing nodules of carbonate of lime. 

In the Nerbudda just east of the mouth of the Oodai, a large 
trap dyke running east-10®-north crosses the river. It contains frag- 
HMamorpUe ^ 

into the trap. Other similar dykes occur in the 
neighbourhood. Masses of metamorphic rocks not unfrequently occur on 

( 845 ) 
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tlw tap •Nond iUa, ud, m k the oeee et Mnndlaimr, it ie eAn hj 
ao mane dear erhether indudiiig took ie intneiTe or not. ' 

Belov Hamp, ae in the hiUs north of the river deeori b ed in 
4A tneclM ie H«r> Section ll.aahbreociaaaie veiy abundant amongat 
the rocka expoaed in the river. From theee having 
cot away by the river'e action, ficeher aectiona, exhibiting the 
atraetOK of the rock, are to be seen than are generally expoaed on hiU 
mdee. One fonn oonrieta of a very fine green nuitrix with white 
oyatalline epeeka. It containe brown and purple Ixaginente ao irregularly 
mixed that thqr frequently look aa if they had been half fuaed into the 
mam. Other firagmente are vericular. Some have evidently originally 
been pamioe,the veeiclea now being, in aome caaea at Icaat, filled with agate. 

la aome of the light green Ineociaa the matrix ia darker in colour 
than many of the cncloaed fragmenta, the latter being of a* li^t 
piatachio green, very compact and earthy in general, though occaaionally 
veaicalar. Many of these fragmenta are of oumsiderable size, often 2 or 
t feet in diameter. The colours vxry much in patches, and may be due, 
in great meaaore, to chemical changes of subsequent date to the oonaoli* 
dation of the rock. 

Close to Oudhir, a breedated calcareous vein like those so numerous 

BNMiaisd ealasMM Burwanee crosses the river. It is, as usual, 
vmaMrOadUr. partly calcareous, partly silicioos. The silioioua 

portion ia, to all appearance, the older; it is crushed and breociated and 
then re e s me n te d a cakareous matrix. It has the same strike as the 
Borwanoo veins, and the trap dykes of Bqipeepla,fcc.,rts.,east.20*— 4)0*> 
north. 

It is imninmmij to enter into farther details oonoeming the tap 
I rooks of the Deva valley, however, demand some 
notios. These are well exposed on the bonks of 
the Deva and He tribatarie^ on wfaidi aeotioiie of 
The sandstones, in general, are mueh h a r dened, 
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and frequently cut up by dykes and large irregular intrusions of irapj 
but, despite their much older appearance'^ and greater they 

appear all to be attributable to the Bagh group. Similar sandstones are 
associated with those beds w''st of Chota Oodipoor. The uppenfiiost beds 
near the Deva, too, are calcareous shales, similar to those which occur 
north of the Nerbudda, and containing the same fossils. 

This is the largest inlier of the cretaceous rocks met with. Accord- 
ing to the map, it is only about 6 miles from 

Size of inlier. 

north to south, but this is almost certainly less 
than the real distance. By the only road, which, despite the unevenness 
of the ground, is not very tortuous, it is at least 12 miles from Doomkhul 

ThicknesB of beds Soorpan. The breadth fiom east to 4;’est is 
exposed. about 10 miles. Of the rocks a thickness of nearly 

1,000 feet must be exposed, their base not being seen. The beds are but 
little inclined ; they have a quaquaversal dip, sloping away in every 
direction from the neighbourhood of the village 

Dip. 

of Atti, east of the Deva. To the west they pass 
steadily under the traps ; the north and south boundaries are faults, and 
the east boundary may also be a fault, but it has 

Bopdaries. rather the appearance of an abruptly denuded 

termination, as if the lower traps had been consolidated against a pre- 
existing sandstone cliff. 

The section in the Deva gives a fair idea of the rocks ; the higher beds, 
however, not being seen so low as the stream bed* 

fiflctlon in Dewu 

• i At the junction with the trap close to Doomkhul^ 

hardened white and brown sandstones occur with conglomeritic grits; 
these beds roll somewhat with a gener^ rather low north-west dip, and 
ate much cut up by trap dykes. They are succeeded in ascending order 
down the stream by shaly beds, intercalated with hard white sandstone ; 
•ome of the latter, which are very fine and compact, being marked with 


Boundariez. 


Seetum in Dewu 


• tliM. wMath. flnt lodubdoAging to the Bagli bods met with the snircy. asd 
their old ImidMied eppeaureaee Indncd a euipldoD rt diet that the; might be Yindhyeai. 
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mall round biowa patdiea, half a& inch to an inch in diameier, giving a 
peculiar appearanoe to tha rock. 

For two nilca to Kaiyee, aimilar beds occur intersected by dykes and 
inegnlar intmsions of trap, often of oonaidorable size. The dip is low 
and irregular, but in general southerly. 

For two miles beyond Kanjee, the sandstones have in general a 
western dip. The high hill of Soondroo west of the stream is capped 
by trap, which dips steadily to north or north- wc«t. It is not clear 
whether the traps here are unconformable on the saiidhtAUies. 

A stream of considerable size joins the Deva from the west about 
two miles north of Kanjce. Below the jiinction, the Deva runs thniugb 
a deep abrupt gorge in the sandstone, so precipitous in }»arts that it 
cannot bt^ traversed. Tbe abrupt cliffs at the side somewhat resemble 
those in the Mahadeva sandstone of the PucLmurree hills, and the rock 
is not dissimilar. Oblique lamination prevails largely, so much so that 
there is a most remarkable appearanoe of uneonforinity between the 
npper and lower beds of the sandstotx's. There in, throngh(»ut ihitk 
gorge, a general low northt^Iy di]> of the rocks. 'West of tbe stream 
they appear by aneroid nieasunmeut to rise about SOU feet aln>vc ita 
bed upon the sides of the hills, the uppermost feet being princi|mlly 
shale. The absolute thickness of shale, b<iwcvir, varies, and ap|iears to 
increase towards Doomkhul, where it <*an fv>arcly be much less than 500 
feet. This is perhaps due to the unconformity of the traps upon tlie 
cretaceous beds, but it is not certain that there is not also UDcouformity 
between tbe shales and the sandstones. 

In tbe Deva, the north boundary of tbe creiaoeoua bed is not seen ; 
half a mile intervenes between the spots where they are exposed and the 
first appeaimnce of the trap in the stream, tbe intermediate apace being 
covered with large boulders. To the west, the boundsiy fault is better 
seen on the Koorban* stream, and there are some sharp dips in th^ 
sandstone in ite vicinity. 

* A ttasU which nmt into the Dm Ihm the west doie to it* month. 

( ) 
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Further details. 


In proceeding to give a few additional details ooncerning this re- 
markable inlier of the cretaceous rocks^ it will be 
beet to describe^ firsts the larger area occupied by 
them to the west of the De^'a. 

In the neighbourhood of the northern boundary^ which runs about 
Rock.»»ninKo<ttb.n west-SO'-south up the Valley of the Koorban 
stream, a few beds of red clay occur with the 
sail Jstoncy similar to those met with further north near Kawat. Further 
up the stream much shale and sbaly limestone occurs^ the latter con- 
taining oysters^ and peculiar ferruginous masses, enclosing Bryozoa, 
Intercalated with the shales at one spot is a horizontal bed of trap, which 
has the appearance of being inteK»tratified, but is, in all probibility, 

• intrusive, like another presently to be noted. A huge mass of intrusive 
trap is seen close by. The beds dip steadily to the west, and trap covers 
them up near the village of Mootar. 

In the next valley to the south, that of the stream flowing past 
Wandee and Torakbal into the Deva, the rocks 
seen are principally shales, of which there is a 
great thickness. They stretch for some distance beyond Wandee, then 
the steady low west dip brings in the traps. In the shale west of 
Wandee, another horizontal dyke of trap was seen just north of the 
stream. On examining this closely, it was found to alter the shales both 
above and below, and on tracing it for a short distance back from the 
stream, it was found that its apparent interstratification is only continued ^ 
• for a few yards^ and that, just beyond, it cuts through the beds. There 
can therefore be no doubt of its intrusive nature. The dyke is flrom 
6 to 8 feet in thickness, dark, compact and non-vesicular. 

There is much crushing and twistmg in the upper shales, just below 
the traps, west of Wandee. 

The top of Soondroo hill north of Doomkhul is of trap. By 
aneroid measurement, the base of the trap was 
Boondioo hUl. about 600 feet above the lowest sandstones seen 

near Doomkhul. The greater portion of this thickness is of ditle; 

( ) 
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flndftonet, howmr, are intentimtifiBd, eapocially below. Oflr«« abound 
in eome hard caloareons bands in the shale, l>ttt 
it is almost impossible to extract them in a state 
snlBdentlj well preserved for recognition. When first found, which 
th^ were at this q[>ot, no specimens were obtained good enough for 
identification. 

The south line of boundary runs cast-15^ to 20*-north up the valley 
between Doomkhul and Peeplude, the shales 
being seen crushed and turned up against it near 
Knkurbee and elsewhere. 

East of the Deva, near Soorpan, but a small area is occupied by 
the cretaceous beds, the top of the high range, 
called Bawagupnyo, being of trap. Near Warwee, 
shales with limestone and oyster beds occur, and in the calcareous^ shale, 
just below the trap, on the west spur of Bawagupnyo bill, shark's teeth 
abound in a calcareous black rock, containing irregular silicious masses 
(? concretionary) . 

Looking from the hill cast of Warwee, there is an appearance of 

UiMoiiibraiitT of tn|M unconformity of the traps upon the cretaceous 
sad sntscscRui beds. beds. The former have a steady southerly dip, 

the latter dip in places north-east and roll in various directions. 

The hills east of the Deva, towards Atti, are almost entirely com- 
posed of sandstone, a little shale only appearing 
in places near the summits. Atti itself cannot be 
less 1,000 feet above the Deva, and all is sandstone at the village, ^ 
althou^ the baee of the traps cannot be many feet above. This is 
lenuukable, for, as already ehewn, at Doomkhul, and even at Torakhal, 
not more than 4 or 5 miles to the weet, 400 or 500 feet of shale occur. 


But it dioidd be remembered that that ehale is largely mixed with eaud- 
efeene, and it is by no means improhable that the diflbrenoes may bs 
asenlj local There is stOl a poaribility of unoonfbxmity between the 
ehdm and the eaadstofne. But, on the whole, the evidence it rather 
in fovoor of both belonging to on# oontiniioos eeiiea 
( 550 ) 
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Further to the east, the sandstone continues steadily, almost hori- 
MognbsrL zontal, to the head of the Mograbaii stream^'* 

Babaain^. north of Babasirsj hill, where it is suddenly o^eiv 

lapped by the trap in the manner already referred to. At the head of 
the valley all is sandstont^ and for about a mile down it is the same, 

but close to where 200 or 300 feet of sedimentary 
Sadden overlap of crc- ^ 

taceoua rocke m Mogra- rocks are seen in the sides of the ravine trap comes 
bari valley. . i j i 

in suddenly, occupying the whole valley and cover- 
ing up everything. The traps certainly have a sharp dip, about 10* 
to the east, but that is far from sufficient to account for so rapid a dis- 
appearance of the underlying beds. 

From the top of Babasiraj hill, the finest peak in the country, about 

Anticlmal seen from ^ ^ miles south-east of Atti, the general anticli- 

Babuir^ hill. seems to have an east and west axis, the traps 

of the hills, west of Doomkhul and Peeplode, being seen to dip northward 
and southward, from a line drawn about due west from Atti. To the 
east, the dip is more steadily south and south-east, which accounts for 
no cretaceous beds reappearing in Kanti and Akranee. 

Section 14. — The Rajpeepla hills, from the eastern watershed 
OF the Deva, Sakhbara, and the western boundary of Ehan- 

DEISH TO THE EASTERN EDGE OF THE NUMMULITICS. 

This tract requires but brief notice. It is entirely composed of trap, 
and its features do not, as a rule, require detailed 
Qenonl characters. description. The most peculiar character, the 

great disturbance which the traps have undergone, and the prevalence 
of dykes of large size, have already been mentioned in the chapter de- 
voted especially to the trapii. 

Commencing at the north-east, a broad range of hills, attaining a 
height of between 2,000 and 3,000 feet above the 

Range of hills sooth ^ 

of Nandod. sea, extends from the Deva to the stream which 

runs past Nandod. West of that stream the range continues, but it is 
of no great breadth, and gradually loeee in height. In thdr eaatacn 
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portion^ theBe hills consist of an antidinal of the traps, the principal dip, 
hovrever, bein^ to the south, and the northerir dip only occurring for a 
short distance near the Nerbndda. Hie dip in places amounts to 15*, 
but does not in genera] exceed 5.* 

From some of the peaks, as Peeplode hill, a fine panoramic view of 
View Ann Perplodv wild, hilly legion may be obtained. East and 
^ west ore ranges of trap hills, not with flat tops as 

usnal, but with sloping surfaces. To the north, the Nerlitidda runs in a 
goige between the hills. North of the river there is a loa-er range of 
trap, beyond which the comparatively flat country of the Hiran and 
Orsing valley is visible. To the south the hill to]Ys are more level, and 
a range stretehes away towards Sakhluira, the InkIs forming which have 
a very low north dip ; while to the south-east, the craggy peaks of the 
Satpooras overlooking the Taptee valley are conspieuems. 

The hills south of Peeplcslc extending thence to Sakhbara were but 
little examiiic*d, and present no cliamctors which 
require detaibn] di*scrij»tion. In one jdace, east of 
Gnngapoor, a peculiar semi -cn>tal line IkmI, containing small rounded 
patches of a white amoq>hr>u8 mineral, was met with. It resembled a 
rock, to be |vresently descrilied, which occurs at Oosktir, cast of Turkesur. 

South-B'cst of Sakhbara, the oountiy is a great plain, covered with 
cotton soil. It is all forest, bat might apparently be cultivaUxl, if popu- 
lation existed. 

The country sonth of the Peeplode and Rajpeepla range and west 

ChneM of contnl Sakhbara hills is a wide undulating tract, 

portioa of B^peepk. withoot high hills, but still for from level. It is 
here that the numerous trap dykes, so frequently referred to, are most 
oonsinciioiis ; they form small parallel ridges, {reqoently only 200 or 
500 yards distant from each other. They are peculiarly abundant about 
Khamb, and thiouglioiit the country east of the Kuijun river. Their 
strike varies from eset-5*-iKirtli— weit-5*-ioath to iiasi-20*-north— ^west- 
20*-B(mth. 

( ) 
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Sursbo hill. 


In the north-west^ about Nandod^ a broad idluvial tract ocoora a^ng 

Alluvial plain near Nerbudda. This is everywhere fertile and 

Nandod. cultivated. The ground^ except in the immediate 

neighbouriiood of the river, is undulating^ as is usually the case on the 
older alluviuin and onl^ wxose to the Nerbudda is there a flat of com- 
paratively recent deposits. 

Along the range of hills south-west of Nandod (the continuation 
of the Peeplode and Bajpeepla range to the westward)^ the traps appear to 
be somewhat irregular in dip. The extreme north-wesjb comer is at 
Sursho hill, east of Ruttunpoor. The beds of this 
hill have been greatly tilted up, like the nummu- 
litics close by to the west, and they dip to the north-^est at 60®. The 
rocks are peculiar, one being a conglomeritic breccia, containing angular 
and subangular masses of sandstone and conglomerate. This is similar 
to the beds seen south of Kawat. Beneath the breccia is a peculiar fine 
grained omj^gdaloid, so fine and amorphous as almost to resemble a pitch- 
stone. Other beds appear to consist of volcanic ash. 

Some distance south of this and east of Padwani is a hill composed 

Trachytic rock near ^ coloured, nearly white rock, containing 
Paduaai. quartz and felspar, and singularly trachytic in 

character. It contains fragments (probably crystals, but much decomposed) 
of an orange felspathic mineral, about i inch in length. This rock has 
a more trachytic appearance than any other met with amongst the traps 
of these districts : it forms an isolated mass, only extending about a milft 
from east to weet, and about half as much from north to south. It may 
be a volcanic nucleus, exposed by denudation. Its extreme extent to the 
west is not seen, as it is covered in that direction by the nummulitics. 

Throughout the northern portion of the Bajpeepla country, there has 
been found a general southern dip of the traps. 

Dip of tropi. South of a line drawn through Jubboogam apd 
Sakhbara this is changed, and the dip is either north or west. 

( 358 ) 
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last is especially the ease to the sonth-west, and is well eihiWted in the 
Tiptee, bdow Mandvee. This is the commenoemeot of a steady 
wildly dip of the traps which continues to the southward^ till beyond 
Bombay. 

In the southern portion of the Riypeepla hills there are only one 
or two {daces which need notice. One of these is at Ooskur south-east 
iod[ B0sr Oot- Turkesur, where the bed occurs, to which re- 
feience has already been made in the chapter upon 
the tertiary beds, when describing the evidence of unconformity between 
the nummulitics and the traps. This lied is of very slioly character, at 
times assuming almost a porci*lanic structure. It is lilac grey in colour, 
and contains minute felspar crystals. It exhibits distinct and fine strati- 
fication, mnch disturbed however, and jKissibly due to that peculiar 
agency which causes lines of pseudo-stratification to be so diBiiuetly 
developed in some beds of basaltic trap. Beds similar to this shaly rock 
of Ooskur are met with largely in and about Powagnrh bill. (Soe 
Section 1£). 

The section exhibited by tbc river Taptee, between Chiklee and 
Bhodan (near which the nummulitics appear,) 
deserves a brief description. 

Below Chiklee the Taptee runs in a deep channel cut through the 
older aUuvial’deposits, conglomerate and silt capped by regur ; conglome- 
rate being lees prevalent than in other sections. Trap appears here and 
there in the bed of the river and dips to the north. All the ground ad- 
joiiiing the river is allnvial, being the western extremity of the alluvial 
plain of BLhandeish. 

A large qnantily of conglomerate is seen in the small stream which 
mns past Jharwan into the Taptee. It is seen resting on trap, and is in 
plaoes £0 to SO feet thick. It is very hmd, and is composed of roonded 
and anbangnlar fragments of trap and agate, eimilar to those in the 
1 bed, oemented by carbonate d lime. 

( *54 ) 
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^ About Wsjpoor the traps have no distinct d^. Bykes dxiundj 
several of them ronning easfr>>20"— 80^*north as usual. At Wiypoor a large 
dyke runs along the river for about half a mile in a direction Oi east-80^- 
north. It consists of subonrstaUine basalt^ very heavyj and c^taining 
small white grainsp either oi quartz or agate. 

For a long distance below Wajpoor traps abound in the river^ but 
their dip is indistinct. About Pargut the hills appear to be formed of 
nearly horizontal beds. 

From Pargut to Mandvee little of interest is seen in the Taptee. 

Much trap occurs^ but with no distinct dip. There is not much of the 

calcareous conglomerate^ though a considerable quantily is seen just 

* 

above Mandvee. 

In this conglomerate Melania tnbefculatay Mull., BuUmm pulhs^ 
Grayi and a small species of Corhcula are met with. 

From Mandvee westwArds, towards Oosksp porphyritic trap occurs^ 
apparently with a slight westwardly dip. Dykes are numerous. Just 
below Ooska a bed of ash is seen resting on porphyritic basalt and 
dipping about S’* to the west. Upon it comes amygdaloid. 

About Kumlapoor there is a large quantity of rock seen in 
the river, chiefly beds of amygdaloid, the separate lava flows being 
apparently very thin. All dip distinctly to the west at a considerable 
angle, 18". Some of the amygdaloids are slightly porphyritic. The 
steady strong western dip continues to below Bhodan, where the num- 
mulitics appear. 

» The pebbles in the bed of the Taptee, even at Mandvee and bdow, 
are not all of trap; a few occur of metamorphio 
PebUei in bed of Taptee. quartzite. These must come from near 

Baitool. This shews how certainly the presence of the different rooks, 
provided they are of considerable hardness, contained in any river valley, ' 
may be ascertained by examining the pebbles in the bed of the stream* 
A 1 ( 865 ) 
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dnuning it. lo the aune nutnar, in the bed tf the Netbndde near 
Nendod, a ray eoneideiable praiioitioB of the pebUee axe of Vindhjwa 
■and rt on e brouglit down from above BorwaL 
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Sacnov 15.— Scut akd Bboach.— C omrrET B arw aaa thb Nauunna 
ano Tama BOEDBauio on thb Sba. 

In thk eection will be deecribed the whole oountiy between the two 
riven from the sea to the border of the tnp area 
in Bjypeepla. It oompriaee eo much of the district 
of Smat as Imb north of the TIaptee, the Broach district south of the Ner- 
budda, the WnaiaTee peif^nah, and other portions of oonntiy belongs 
ing to the Gaekvnur, and the vrestcrn portion of the Biypeepla territoiy. 
Near the sea, and for from 20 to 80 miles inland, no rooks ai^ seen, 
except in one or two placea. The whole country 
aSnU fbia Bear m. coveted with alluvial days, which pass generally 

on the suifroe into Uack cotton soiL It is highly fertile and cultivated 
almost thiOQghoate 

Tbe first rocks to emerge from beneath the alluvium ate usually 

SacM^oD of rocki gravels and clays of tbe nnmmulitic aeries, 
B^iNHiBs to oMtward. beneath these, somewhat further inland, 

tbe traps crop out. 

In describing this tract in detail, it will be best to oommenoe at 
the north and proceed southwards. 

For srau distance up the Nerbudda, as far east as several milse 
above Nandod, nearly 40 miles from Broach, there is a broad bdt of 
sQiiviagt tn the south of the river, sooth of which trap rocks appear as 
Ar to the west as Snisho hUL Immediately west of the hill beds of the 
HBMdHhsaMrSw niunmulitic aeries q>peajr: thqr are nendi dis* 
she hOl. torbed and at hi^ angles. The ti^ fbnnp 

igg frmaho hill also have a very high dip (60* to the north«weri)» 

( 866 ) 
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PeonliaritieB of bound- 

tiy. 


Tntp oong^oiDontto 
near Maldipoor. 


As no beds wbaterer are seen north of Sursho hOl^ it is itnpossdUe to 
iMcertain preoisel j what this disturbance inkporlll!, 
and it is quite uncertain whether the iffunmiilttUsI 
lap round the base of the hill and occur in the plain to the nortb. Of 
whether they are faulted « ^ainst the trap of the hiU ; all that can be 
seen is^ that the tertiary beds which to the south hare a low westwardly 
dip^ suddenly turn up and dip to the north-west at an angle of 60^ to 
80^ and immediately disappear beneath the alluvium. 

If the boundary be a fault at Sursho hill^ and in favour of this view 
is the fact of the nummulitics being turned on end just south of the 
hill^ the fault soon dies out to the southward ; for close t6 the village of 
Maldipoor, the bed seen next to the trap (the ab- 
solute junction is not seen) is the sameM that 
which forms the base of the tertiary series fot some distance to the 
south, viz., a coarse conglomerate of trap pebbles. This is seen resting 
upon the trap, wherever sections are exposed, as far south as the village 
of Amuljhur. The bed is almost entirely composed of large rounded 
masses of trap, some of them nearly a foot in diameter. The rock so 
exactly resembles a trap flow disintegrating into concretionary masses 
that only close examination can detect the diflerence. 

In the stream already mentioned near Maldipoor, the following are 
the basement beds of the nummulitic series. The 
series is given in descending order 

1. Very ooBrse conglomerate of trap pebbles and deep red clay. 

Ferroginons mottled day, a;pproaching soft laterite in appearairee. 

Fine euid with a band of email trap pebbles. 

Conglomerate of trap and agate pebbles ; the matrix of trappean detritni. 

CoWse sandstone, nodnlar and concieMonaiy, argillaceOijUi lkyers» ud oi(o 
thin band oontaimng trap pebbles. 

Sandstone^ ) Both abounding in casts of Gatteropodas no other Mollnsca occur, 
Idmestone^ I nor any SvmmnliUt : of the limestone about 4 or 5 fbet are seen. 
SUgh% ferruginous sandstone, soft and cosise, with runs of kunkuT intsMbdCllig 
it vertiesUy. 

Goane conglomerate of trappean pebbles. This rests upon the trap. 

( 857 ) 
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Ibeie beds dip to the WMt ; at the Imm tiM angk M TOfy about 

45*; this diminiafaeB gradual^ above, and the dinotundieiigea to weit-l5*- 
■ootb. The appennoat beds aie mocb disturbed, and ja one plaoe dip to 
the oontL 


Near AnralJihiir the baaement beds are piedady similar to the shove. 

Upon these bottom beds rest strata mainly con- 

Kfhir bs^ 

sisting of grovels and oongbmetates, the pebbles 
finning whidi are diiefly agates evidently derived from the trap. With 
tiwse, eqwcially towards their base, bonds of loterite are associated, but 
tb^ are thin, and do not asoome the importance they have further 
south. Some beds of loterite dipping at a high angle arc seen wsat of 
Sanho hiB near the village of Bheempoor. BeneaUi these and associated 
vrHh some tiqt gravels are whitish calcareous bands, contaiun^ large 
trunks of foanl wood, the interior structure of whieh is not well 
p re s erve d. 


South of Bheempoor, between that village and Boon, near Amod, 
Ba4i Matlior Bhaom* Isterite and agate conglomerates are seen inter- 
stratified. This circumstance is worthy of notice, 
for to the south, near the Taptee, the loterite bands are confined to 
the baaement beds of the series, which are poeaiUy dder ♦Km these 
agate oraglmnerates and gravels to the north. 


The highest beds seen in this tract of country are tboas of the 
nmgbbourhood of Buttunpoor. A fiur section is 
eqNMed in the stream which runs south of the 


village. The principal beds are agate gravds sometunes cemented 
jbgelher so as to form congbmeratea, with bands of aandstoie, 
aigillasaoua Of cabareoua. Fossil wood is found in the oongbmacate, 
and in one phee, a dull, apparently a ATe/te, was met vrith. Hie 
aecticn seen in the stream comprises all the upper and middb bedf, 
and in connexion with that already quoted vt the knreit beds near 
(S6S) 
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Maldipoo^ will fimuBh aome idea of tiie tertiaiy xodo of tbia 
neij'liboarhood. The following beda ate aeen in «i*aw»in^ing order. 

1. CalcaxecmB diffi. 

2. Agat| |raT6li and conglomentoi with fbsnl wood. 

8. CalcareooB and argUlaoeoiiSI /bite landiUlliai. 

4. Agate gravela and oongbrnerates, with oocadonal trap pebbles. 

6- Ditto, with layers of sand and of red ferraginous clay. 

6. Galoareons days and pale ydlow sandstones containing plant remains. 

7. Alternations of gravel or oonglomerato, sandstone^ and red lateritoid day, with 

occasionally bands of day of yarions coburs, and shales. 

Each of these extends for a considerable distance and represents 
some hundreds of feet. It is very difiSicult to say if all these beds are 
regillarly superposed one upon the other ; if thqr are^ the whole l^dckness 
must be very great. But possibly these are either faults or concealed 
rolls of the strata. 

Kuttunpoor hill is to the north of the stream. It consists mainly 
of conglomerate, which dips north-west on the 
Bnttunpoor hilL north side of the hill, and in the opposite direction 

on the south, near Buttunpoor, so that the extrexnily of the hill is a amnll 
anticlinal. The hill strikes nearly north-east — south-west; and fiirther to 
the north-east, the dip appears to be chiefly to the north-west^ north 
of the hill, and to the west on the south. There is thus here, 
os to the west, very considerable disturbance of a later date than 
eocene. 

South of the hill, between it and the village of Dumlahee, are the 
• well known Buttunpoor agate or cornelian mines. 

Agate minea agates occur in certain of the gravel bedib 

and have undoubtedly been originally derived from the trap, as was 
remarked by Dr. Carter. The only stones considered of value occur in 
a ferraginous stratum, from the iron of which their cbloar is 
doubtlesB derived. * / 

( ) 
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South of the BoManpoor rtreoiD my little rebk ia eeen fiur aa 

Bock! saw DlnMoo»ik» ^ MKt watanxmMi the Kamea. About Dh^ 
^ koowa Bgatoa abound on the aorfho^ and fng* 

menta of oongloinerate are met withi though no rock ia aaen in place. 
Further to the aouth-weat, more conglomeratea are aeen; the edgea 
of beda, with a high dip, croaa abore the surface in the eontmoation 
of the line of the Ruttunpoor anticlinal. 

FMher to the south bw dips prevail, with a general direction to 
north-west or north. 

Returning to the trap boundary near Dumlahee and Padwani very 

VcipklHmrkoodArtnip rocks are seen, and the boundary itself is, in 
bomdiry awr MwaaL places, ol)acure. Fragments of conglomerate, of 
laterite and of a white calcareous aandsUmc, are seen scattered about. 
East of Padwani laterite is seen, and a little further east, fossil^Wood 
in abundance, but rather ill preserved. All the interior portion of the 
I is gener^y replaced by ciyatalline calcspar. 

‘Where the nummulitica rest upon the trap they consist of argil- 
laceous beds with small trap pebbles, and have a 
low westwardly dip of 5^ to 6^ 

In the Kaveree, the section which is exposed is somewhat similar to 
that seen in the stream which flows past Ruttun- 
MUraaw. but it is much lem oontinuouB, and more 

laterite occun, especially about Wasna, where the dip is very low. 
Where the laterite beds are cut into by the stream west of the village, 
they so closely reeemble decomposed trap as to be undiitingnishable, and 
are rmj probably formed of trappean detritus. Another thin ferrugi- 
neus bed, cioeely r es embling decomposed trap, is seen resting upon white 
and QaC shales at (be village of Wasna. A omilar bed, probably 
idenfinal, is again seen, sunOariy a eso ei a te d with white and purple ehafcs, 
about u mile to the south, in a small nnlla, where no oontinuous section 
can be seen, and where the eurihoe ie covered by ellavium. 

(S 60 > 
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Below the laterite of Wanoj tl» white oidoaxeoiui Miidvbnioi sad 
olajB which were seen to the north near Bheempoor are again ezptML 
About half way between Wasna and Bqjpoor^ another bed ofV kterite is 
met withj dipping to the west. It contains pebblesi an unusual 
circumstance. 

Wasna appears to be the locality mentioned by Br. Carta*,* whom 
Major Fulljames obtained the specimens of nummfulitie limestone, whiA 
Airnished NummuHhB Broachenm^ Carter, and N. Ramoniiy Durance, 
associated with Opewsulina and Orbitoidei dUpanBus, Sow. No bed of lime- 
stone containing fossils was met with nearer to Wasna tlum at Wagul- 

Locality of Dr. Carter»B in the Oomrawuttce stream, S miks to the 

Wwiia foBBilBdoubtful. a locaUty which will be described presently. 

But it is quite possible that a thin band noay have been overlooked, 
although search was made for it, and it is even .by no means improbable 
that a small section of a stratum may have been exposed in a nuUa 
when Major Fulljames^s exasnined the locality, which was concealed by 
pebbles or sand during the present examination. It is also possible that 
Major Fulljames^s locality may have been at Wagulkhore or in its 
neighbourhood. 

Below (north-west of) Wasna sandy (days, gravels, and cmiglo- 


Seotion bdow Wasna. 


merates are seen at intervals in the Kaveree for a 
long distance ; no good or continuous section being 


exposed. A few beds of laterite are also seeii. Between the Kaveree 


and Oomrawuttee aoBroely rock is seen in plMe^ the whole oenoby 


Trying eovered with alhiTiujn. 

In bte C)<»nrawiittee tatHP V* Amboodu liheaov 

. . to Dhai»lee and Wagulkhore Ytvj lilida rook in 

Sertion in Oomai- ^ 

waUMitMwi. net wUihf thebaidmof tb»«tMainooiinatiiiig^ fiff 


the most part, of modem oonglomeTate of trap pebbles, cemented hf 


• OMloBiod Vwfen mi WwtMm Indh, p. tW, note; md Jowt Bodnv BMeil>ao|i. 
^ Soov Vet VI, pp. ea> 6B, Mid IM. 
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aurbonate of lune. Some of the nummolitic bedi^ however, crop oat 
here and there. ^ 

At Wagulkhoie there ia an intereating aection. At the baae ia a 
thidc bed of laterite ; nest comes yellow day, npon 
which rests a bed of pipe day dog oat by the 
natives, and said to be oaed to dean cotton thread before dyeing. The 
neit rocks in ascending order are sands, passing upwards into limestone, 
both femiginoQS, and the latter abounding in nummulites, Gasierapoda 
and other fossib. Above these is a band of sandstone, and then kterite 
again, containing in places {lobbies. The matrix containing the pebbles 
has a strong resemblance to decomposed trap. 

The peculiar interest of this section, apart from the numerous 

flDiUmiiiitsij origin of is the distinct evidence it affords of the 

sedimentary origin of the laterite. In one plaoe 
the fioonliferoas stratum u scarcely distinguishable from bieritc.* 
The beds near Wagolkhore dip to the nortb-west at 10^ A little 
further down the stream, a bterite bed again occurs 
at Bhilod, just north-cast of which ebys and fer- 
mginons sandstones are seen dipping at abont 50*" to west-1 O^-north. 
Thenoe to Limbat very little rock b seen. At Limbat agate conglomerate 
with argObceons sandy beds crops out It is 
nearly horizontal in the stream, but on the north 
bank, a bed b eeeu tamed up at a high angle, , and dipping at 50* 
to ■onth-85*-eoet There may be fimhing ; there is certainly a Une of 
disturbance, wbudi may be traced for some distance to the north-east. 
Some large oysters oocnr here. The stream nmsAdong the strike of the 
fOcka(iioiih-eost soutb-west) from Limbat to Heerapoor, where soft sand* 
itonei^ cartaining hard round concretionary masaes and conglomerate^ 


Limbat sad 


* tbi fhs IsUrito so rioMlj i wt a Aim teompOMd toup ihoi I at Ant t app ond 
ibi bail sf It tabadoeoawottd lava iova latentmUM witli tim aommaUtie iwhi. It 
BMj foqr pwAnblj eoorift ol delritw dorifid ftooi tin imp. 
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mnt, dippi^ at a veij loir angle to tlie noitii-wart, and jaat «f 
film iimilar beds «re sees dipping at 45** to the east^ so that probably fib 
Hue of fSractaie seen at Limbat extends across to Heerqpoor. As nsad 
in this ooantiy^ aoairoely any rock is seen ,excq>t in the stresnu^ sod 
oontinuous sections even thi.w. 


These beds of Heerapoor and Limbat oontam^ besides rolled agates^ 
pebbles of sandstone^ which are mostly subangular ^ and of laterite. 

Brown^ gray and yellow sands^ scarcely sufficiently coherent in gen- 

Section below Been. ^ deserve the name of sandstone, continue 

P®*** down the stream. With them there are inter- 

stratified occasional harder bands, with conglomerates and gravels, fhe 
hitter frequently calcareous, and resembling the bods of Heerapoor Near 
Singpoor a few fossils were found, chiefly Pectens, Oysters, a species of 
Cdnu», the club-shaped spines of a species of Cidaris, &c. No nummu- 
lites are met with. Below Singpoor are numerous fragments of limestone 
evidently derived from a thin bed. They abound in the valves of a 
speoies of Cirripede (£alanus 


Bocks are seen at intervals down the stream till within about 2 miles 
of the place where it falls into the Nerbudda. Below Singpoor all are 
aimilar to the beds seen near Heerapoor and Limbat. 

Between the Oomrawuttee and the Keem more rocks are exposed 

Between the Oomra- between the streams further north. The di^ 

wottee and the Keem. outcrop of the lower tertiary 

. beds occupies a large space. A large portion of the basement beds here 

consiat of laterite and nummulitic limestone, which are both laigdiy 

• • 

exposed. 

A Iwad of laterite, apparently identical in part with that c£ Wagal> 
Uterite bud near atretches across to Whaliat, and thsnee 

l)e traced to the westward for 10 or 12 mflai. At 
Whaliat it riaes into small hills. In many places it has the 
B 1 (568) 
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ugiUaeaoiM itraetun ud dotely wwiblM decompoted tiqi impngiwtad 
with iron, in other pieces it is ssndy. To the west, nesr Deenod, Isiente 
also oofeis the sarfisoc, hot a laige portion ti tiw snpeifioial rock hers 
has lather the qipearaiioe of a latnite grarel, sadi as ooenrs so fraqnently 
ia the dder allaviam of Bengal, reoonstmcted from- the debris 
of the original rock. In many places fragments of conglomerate axe 


Ibis laterite may peibaps in places rest directly upon nnmmnlitic 
rt— » gw»t band of which, probably of no 
hnd BMT Wbsliau great thickness, but occupying a considerable area, 
ofriiig to its low dip, and the oonseqnent breadth of ito oatcrops, etrotchea 
■croaB 80 Qih- 80 Qtli-east of the laterite, from south of Wagulkhore to 
near Deenod and Bhum, about 14 miles. So few sections are seen at the 
aorfaoe throughout the long belt of rising ground formed by tbe laterite 
and limestone that no idea can be formed of their thickness. Probably 
other and softer bods are largely dcvelop(>d, but they do not crop out at 
the surface, and the hanl fragments of limestone which resist denudation 
and are scattered over tlie ground convey the idea that the bed from 
which they are derived is of greater extent Uian is really the ease. That 
other beds do oiH:^ur is shewn close to Whaliat by the abundance of rolled 
agates, which indicate the presence of gravel or congbmerate between 
the limestone and the laterite. 

A small patch of nummulitic limestone also crops out, apparently, 

^ , ^ in the middle of the laterite bed close to Dorwara* 

Tjlsiislions iMsr Dor- 


This nmy be the bed below the laterite brought 
up in a small anticlinal by a roll of the strata. 

The limestone throughout abounds in NummuMet, and othei 
Ibraminifera. No rocks are clearly seen beneath it, but bard fermginoni 
and hard white calcMcous eandy beds occur between Wagnl- 
Idiore and Ksisorgain. 

(864) 
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Aboat half a mile south of Whaliat massea of red httmatite, almost 
pare^ abound scattered about the surface. They are probabty deti^ 
from the laterite beds. 

Above the laterite^ at Wattaria, pieces of the limestone with valves 

_ of •^danij like that seen near Singpoor on the 

Balamis limeBtone. 

Oomrawuttee stream^ occur on the surface. Fur- 
ther to the souths at Boreedra^ yellow argillaceous limestone is seen^ and 
again to the north-west towards Khunode, sandy clays^ gravels and 
conglomerates are met with. These are probably all the same beds 
which are seen in the Oomrawuttee. 

These upper beds stretch hence across past Fanolee^ and as far as 

Eitention of rocks to which is the most westwardly point where 

westward. rocks occur between the Nerbudda and Taptee. 

Bock is seen here and there in the Keem^ which passes just south of 
the belt of high land occupied by these beds. South of the Keem all is 
alluvium. 

The sections exposed in the Keem are all between Eeemamlee and Elao^ 

and always consist of the upper beds, agate conglo- 
Section in Keem river. . . i i n 

merates, more or less calcareous, and gravels, yellow 

sandy limestone, frequently nodular, and occasionally ferruginous sand. 

The section at Keemamlee is just north of the village * in a bend of 
the river, yellow gritty conglomeritic sandstone is 
Keemamlee. dipping south-east at 10®. It is some- 

what fossiliferous, containing Ousters, Pecteni, Salani, some peculiar 
hemispherical bodies (Bryozoa?) and spines of Bchinua; all, however, 
being fragmehtaiy. 

The next section seen is near Obha, where conglomerate and nodular 
calcareous beds, yellow in colour, interstratified 
with clays, dip west-south-west at about 8*. 
About half a mile east of the village crystals of gypsum abound in 
decomposed argillaceous beds. / 

( 866 ) 
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Mnoh rock oooiin aboat Ebo, bat no good Motion is i 

Keenif heie a tidai river. o 

South of all thie weftem or lower portion of the Keem all ia 
allnviam. 

Kearly all the upper part of the Keem valley is also oooupied by 
alluvium. In this a kind of riaio ia sometimes 
found. No liones were obsen'ed. In two or three 
places laterite belonging to the nummulitich crops out from beneath the 
ailuvial clays, but in general the tni|ib are the first roeks to appear to the 
aastward. The prineijial exception is in the south branch of the Keem 
river near Timburwar. Here lau>nu* apjiears, forming a small anticlmal ; 
femigmous sandstone, containing dicot) ledonous leaves, and some 
. together with bluihh elay, rests u|>un lU 

Bdow all this alluvium it is probable that the nummulitics r«U over 
to the south, for the beds which come in about 
Sooralee dip nearly uest, and ore considerably 
soaih of the strike of those near Whaliut, winch they so closely resemble 
in diameter as to render it most probable that they are a oontinuauon of 
the same beds. The southerly dips seen to the west in the Keem near 
leian are in favour of this. 

Much nummuhtic hmestone and laterite are exposed east 

C0Bnli7«Mtaiidio«th- southeast of the town of Turkesur. To 

•Mt of Tariuow. town, rock occurs cloM to the 

surfirn throughout a oonsidorable tract, but is rarely exposed. The dips 
aielow. 

TbeM rocks are first met with when proceeding sjuthwaids in 
a itifisin whidi joins the Keem from the south, and runs past the villages 
of Wlwlaa, Sooralee and Nowgsma. At Wustan trap occurs. Thence no 
is seen till near Sooralee, where yellow osloareous eandetone is mat 
nifh, apparently nearly horiaontaL At Nowgama a good section of a 
libsiits bad of considerable thi ckn es s is exposed in the strasm. 

(.•w) 
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This laterite bed can be traced to the eoath^ thoogb o&smiootSfy 
OQiioealedl^ cotton soil nearly as far as tiie Taptee river. About ^RirlMiir 
the rocks are better seen than usual^ and their order of sucoessian appeals 
to be the following .'—(descending) : 

I. Agate eonglome'c^es and gravels^ yellow calcareTos sand- 

^ , stone^ &c.^ occurring to the west of the town. 

Genenl ineceMion of 

bwer tertiary beds near No section seen ; only fragments on the snrboe. 
Tiirkesor. 

These are upper beds like those of Singpoorj 

Heerapoor^ &c. 

II. a, Nummulitic limestone^ seen in place at and about the town 
of Turkesur, and probably of considerable thickness. At the base^ in one 
place^ close to Turkesur^ is seen some pipe clay, as at Wagulkhore. 

6. Laterite, a massive bed, the same which is seen at Now^jpama. 

c. Nummulitic limestone, probably of no great thickness, 30 to 4f0 
feet perhaps, but no section seen. 

d. Agate gravel, containing masses of agate, rolled and unrolled, 
chert, Ac. 

e. Laterite, seen at Nerolee and Moonjhlao. 

III. Trap. 

It is impossible to do more than guess at the thickness of these 


No good section seen. 


beds, scarcely any reliable dips or sections being 
seen. Little sections of a few yards in ditches, and 


pieces of stone scattered about the surface of the ground, are the sole in« 
di ca-tiQTiH of the existence of the different rocks, and these are only 
local. The uppermost nummulitic limestone is seen in massive blocks at 
Turkesur, and can thence be traced to the north in place for some dis- 


tance, and then by loose blocks on the surface of the ground, nearly 
to Nowagam. South of Turkesur, it appears to be partly rq»laoed 
• l««utie. wte. tl.. ^ conglomerate near Boswar, but ia 

difttMit iwdi an mol again seen fbrther south, near Nowagam, lying 

nearly horizontally. It is probably thinner there than near Tnrinsor, a^ 

( 567 ) 
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The lateiite undanieath is better traced. Thia ie the Nowgama bed 

mentioiied above. South of Nowgama it ia ill aeen for aome diataaoe^ 
but afterwaida ia aeen atretching acroaa paat Torkeaur nearly aa for aa the 

The next bed in deacending order, the lower band of nummulitio 
liineatoiie, ia well aeen on the road from Turkeaur aouth-eaat 
to Moonjhlao. It abounda in Foramtm/era, A flat nummulite 
(N» eapimein ia very abundant, aa is also Orbiioide* epkippiitm, Sow., 
and OrhMioltUi Manielii, Summuliies oi/aear#. Sow., or aome cloaely 
allied apedea, also oocora. 

Beneath this ia a band, probably of some thickness, of agate gravel 
and oonglomerate. No section of it is seen ; its presence being Indj^ted 
aolely by rounded and unrounded a|!ate pebbles at the surface, mixed with 
miasra of chert. This bed occupies a hollow almost throughout the 
whole diatanoe from the Keem to the Taptee. With the gravel there 
mppmt to be occasionally intercalated ferruginous sandstone and yellow 
aandy limestone. Agates are occasionally collected from this bed for 
the Cambay lapidaries. 

The lowest bed is a thick massive band of laterite. This com- 
mences abruptly on the north side of Nerolee 
village, no trace of it being found further to the 
north, and it forms a low ridge of hills running north and south. 
This bed is suddenly thrown about i mile south of Nerolee, by a 
fooh apparently with an east and west direction, andhavinga downthrow 
to the north. The ridge is thrown for a oonaiderable distance, perhapa 
half a mile to the weet, but oontinaes on the south eide of the foult 
paat the viDige of Mooiglilao, where there is a slight break, and thenoe 
to the Tkpteej about half way betweeu the villegee of Bhodao and 
Oidla. 

(S68) 
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In many places tliie well marked bed haa a diatinoi d^ tll0 wait; 
atfMoonjhlao the dip ia 6^ and this is about the average. 

Tliia laterite throoghoat has the appearance of containing toonded 
and subangular fragments of decomposed ferraginoas trap. The mass 
is a compact argillaceous BaA ferroginous rock, approadiing daystone, 
sometimes mottled, rather pisolitie in structure, and with the characteristic 
glazed surface of laterite. The only rock anywhere 

B6d bdow Iftterite. 

seen to intervene between it and the trap is a white 
tufaceous looking argillaceous bed, resembling decomposed felspar, whibh 
underlies it at Nerolee. 

In the Taptee are some instructive sections of the tertiary beds, but 
Sectioiis in Taptee continuous. Passing down the right 

below Bho. ^ 

dan* trap is seen, though it is in place a little way back 

fiom the river’s bank. About a mile from Bhodan, laterite is seen 

in the bank dipping to the west, and just east of this, trap is in 

place on the opposite (south) bank of the river. Below this nothing is 

seen in the river bank for about half a mile further, until, at the 

mouth of a small stream called the Bhen, the following section is 

seen : — (descendmg) : 





Filn. 

Section 

at month 

Qf 1. Laterite, about 

10 

0 



2. Yellow sandy calcareous rock. 




abounding in FaramtntferOf especially OrbitolitM 
Mantelh, D’Orb, and OMtaidcs epkij^umt Sow. ••• 

1 

0 

8 

Ditto 

softer .a. ••• ... ... 

2 

0 

4. 

Ditto 

same as 2 ••• ... ... 

0 

6 

6. 

Ditto 

softer and more sandy 

2 

0 

6. 

Ditto 

oontaining besides the JPhramin^hra, V%U 

• 



sella leffumen and speoies of Brifoeoa 

6 

0 

7. 

Similar rook, bttt moro oaloareous ; ^nEsiia|S»«theiaiiie, 




but lew abundant ... ••• 

0 

6 
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9. BmA took, alw aboiiiidiiig in gnum of brow n h— no* 
titeb move oompiot tban tbo lift, oontnining Ckutet^ 
poim^ oonhs and a Aw JbfMtaf^Aw 
IOl PmugiiMMis land with but Aw AaaQa 
IL flindj bod* ratlier leio Airaginons, but otill containing 
graiaa of bmm bmatiA In tbio bod oerar boneo* 
appuantlj of liaininaUa,* nmnoitrao G^uderojtodm^ 
Faolona* Ojaten* and other LamelUhramekwim^ 
oanki and Aiiniaia/ilef ohtmtfu. Sow , (or oomo ipoeMa 
of annilar Ann), but few other Foramnnrf'era 
19. LatariA* ibaoe not Men) aboat 


1 • 


0 6 
1 9 


6 0 
10 0 


I 


The foanliferoos band la alioat 24 foet thick, and may be considered 
ao a nhok. The following fossils ha^e been identified by Dr. Stohgska 
from amonget those collected 

BoateDana Prestwichu* D'Orb 
TBiebellnin, sp 
Oanthimn* sp. 

pjprna ((^Two m laj elegant, Lam 
NatMi longispiia, LejnMiw 
Conns, sp , near C brens, How . bat thinner 
Troobnt, sp (like T. mitimtas, Desk ) 

Pholas,^ 

Fseten Hopkinsi, D'Areh and Haime 
P. IhmL, D'Aftb 
F. eonans* Sow. 

Ynlsolla legnmen* D'Areh. and Haime. 

Ostna Flemtngt, D'Ardk. 

O. lhigaa*8ow. 

Bonaia*^. (near H. Tarmeosa* M. Ed.) 


ribs* thsj Wire not ta a saSAatay slala 


(fW) 
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CSdaiM ■pme§ ind fiagniflati of other Ecbhiidff. 

• StgrlooGsma Yusujif M. Ed. ud Haime. ^ 

TrodioseruP 

Tzodiocyathiu Vandenbeddi, M. Ed. and Haime. 

Nummulites perforata, D'Orb. 

N. Brogniartl, D'Aroh. 

* N. exponena or N. epira ('probably both). 

Possibly nummulitic limestone agaiif occurs beneath the section 
above detailed, for unrolled fragments are seen in abundance just east of 
the above beds in the Taptee. These may, however, have been earned 
up stream by an eddy when the river was in flood. 

On leaving the section and going to the north for a few yards, trap 
is distinctly seen west of the uppermost lateiite. Upon this trap laterite 
comes in again. The rocks in the section above quoted dip west 10'* to 
95° south, at an angle of about 7 ° ; that is, they dip beneath the trap. 

At first thin appeared to be a distinct case of interstratifleation of 
the uppermost traps with the nummulitics; and 

Apparent mteratratifl- i . • 

cation of trap and nun- from the vexy trappean appearance of the latentes 

of Nowgama, Turkesur, &c., this oondusion was 

strengthened. But the evidence of enormous denudation of the traps 

in pre-nummulitio and nummulitic times seen about Buttunpoor and 

elsewhere militated so strongly against this view that the Taptee section 

was re-examined, and it was found that the apparent superposition of 

a trap bed upon the nummulitic beds at the mouth of the Bhen might be 

explained by a fruit. 

The laterite seen resting upon the trap to the west of the nummu- 

* litics is dearly a continuation of the bed so con- 

Explainfid by a fault. 

spicuoudy seen at Nerolee and Moonjhlao. The 
Dummulitios to the east (apparently beneath the trap) cannot certainly 

• In thii liat OrhUoliUt Marntem does not ooonr, nor OrUtoidM epkippkm. The 
latter eertainly abounded in the upper part of the bed. and iq. 1 thinly did the shell to whieh 
the Ibinner name is applied by Dr. Carter. The spedmens had probably been mialaid ^ 
aepaiatedfirom the Qattenpoda, &o. 

0 1 

e 

e 

e 
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be trifled lo &r u Mooiyhki^ and on folhnKng them to tlw aoribnaid 
from thfl rhmr, giadaaDjr thin mwiy and dk^pear, whfla tin Mad 
of b fl iwmi them and the Mooiyhlao laterite, whioh ia only 
a fflur yaida in bnadUi eloao to the river, gradually iBowaaee to aeariy 
half a Bulfl. It dioald be maiitbned that the Uterite beda akna 
an eiaariy aoeo at the aarfaoe^ all other beda beiog mom or lam 
eoBflmled by aUariam. The change in the breadth of the trap might, 
of eonne, be explained by aoppoaing it was a lava flow gradnally 
Aiantng awmy, bat the change in the breadth of the ontcrop appean 
too gnat. Then ia alao aome other evidence of faulting. When the 
ti^ thina away jnat north of the river, and the two latentea eaat 
and went of the atrip of tnp would come together, all ia covered by 
tUavium, but doee by, the laterite to the weat, which haa had a ateady 
weat fl tn dip aB the way from Moonjhlao, luddenly roUa over to tb^ eaat 
aa it might be expected to do widi a conaideraUe downthrow fault 
joat eaat of it. The whole evidence appears very strongly in favour of 
{■lilting. direction of the fault ia cut SO* north. 

Above the laterite (the Nerolee and Moonjhlao bed) there* is seen, 

WUte iwd ■bof* ^ * white bed, approaching kaolin 

in appearance. In textnn it hu a marvellous 
runmblnnrn to the laterite, having the same minnte anbbrecciated atruo* 
tun, and contuning little p a tch u of white day. It appean, in abort, to 
be laterite withont the inn peroxide. 

The aontee of the iron in the laterite bade may be identical with that 
the hmnatato gmina ao abundant in the fbeaili. 

Irea islaUrita, 4e. ftfona aandatonea and limestones. 

Down the Tqitee, no more neks are seen on the north bank £» some 

flMlInu left tank «r ^idanee oppcdte Oulla. On the left (sooth) bank 
TSpm innhs'Oala fg ^ met, ooBglometatee, oontaining pebUM^ 
mdhiyef agatAwithafbwof tnpandof yeUow oalcanons saadstaio, 
MO mm dipping at a low angle, 8* to b* to the wmt Thqr eontaia 
intwst> a t i fl flatkmicfiedai>dyriBowfllay,ofye^ealeano wiM i d» i idiil i n’ 

i*n) 
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wamitibtm, «id a few thin gaudy beds. Th^ appear to be quite 
ferons. Tbey have evidently the diaraoterg of the upper bcidi m 
Keem and Oomrawnttee rivers. 

The geotbn extends down the left bank nearly to Ddugra. Below . 
that vil]aj|;e no more rook istost with on that side of the river^ bat does 
to where the beds disappear on the left they come in on the right bank. 
A section of rocks higher in the series is seen at Kuqun^ and again at 
Dholun and FSrdee. 

The conglomerates at Kurjnn contain but few and small agates, 
SeetioD on right Unk ^bey include large blocks of yellow and gtej 
■MrKmjaii. sandstone, or sandy mudstone (indurated silt,), 

bored by Pkoladida. These conglomerates contain bones (reptilian ?) 
plates of tortoises, sharks’ teeth of large size, and moUusca, principally 
Conus, Area, Peeien, and a Plaeuna closely resembling the recent 
P. plaeenia^* No Nummuliies were seen. The source of the sandstone 
blocks is not clear ; they might be nummulitic. The fauna appears to 
differ from that of the lower beds which contain NummulUoi* The 
rocks generally present some slight resemblances to those of Ferim Island 
in the Gulf of *Cambay, as will be seen presently. 

The section in the Taptee ends near Pardee. The wide expanse of 

Coontry wcrt of the of the nummulitio rooks 

Bammolitici. deserves little geological notice. It oonsuts of 

alluvial clay, covered by cotton soil, and all its most important features have 
already been described in the chapter devoted to the alluvium. Near 
the coast are salt marshes, and along the shore sandhills. Bock is said 
to occur neaif the surface in places, but in some cases at least, it appears 
to be only calcareous conglomerate of apparently recent origin. 


Snonov 16.— Notb on Perdc Islxni). 

In connexion with the examination of the tertiaiy beds of Bsoaek' 
and Surat, a visit was made in February 1863 to Ferim Island in ihp 


a Fkoenta orUonlsrii, Beti. 


I ?7« I 
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tit 
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Oidf of Comlioy for the purpoie of rndm^nmnag to OBoeftiiii if iho 
beds there erisliii|^^ whieh^ from theb Meawnelugi finuiBy ere eonndeied 
of miooeiie age by Falooner^ presented any marhed 
resemblanoe to the upper beds in the Oornn* 
wnttee^ Keem, and Tsptee riTers, described in the preceding pages. 
Although the beds of Perim hare been well described by serenl prerioos 
obserrers (see ante p, 6, Ac.)» a brief accoant of them in this place may be 
nsefnl for comparison with the rocks to the eastward. 

Fcrim Island lies off the coast of Kathiawar near Oogo, and 

Mikm of and opposite to the month of the Ncrimdda. 

gcMrai daiMtor. gimpjj 3 pf rock, oorered, in part, by 

blown sand^and^at high water, aliont It miles longand bardyhalf a mile 
broad, but Cur more extensire at low water. The greatest lengtlj^ is 
nearly from north to south (north by west to south by east), and the 
ridges of blown sand near the light-house on the west side of the island 
are neariy parallel to this (they run north 20 east-south 20 west). 


The rocks are best seen close to the southern extremity. The reef, 
« t. ^ - 1 ji ^*7 water, and running out for a consider- 

Rods of MlO lm . 

able distanop on all sides of the island, is oom- 
posed of iireg^nlar intentratifieations of eonglomerato and aandy day. 
Ihe aandjr claj, best aeen in the little cliff at the smtli end of the 
island, sections of which are giren by Etbersqr and Fnlljamea, is a thin 
bedded light gny sandy silt, abonnding in "knnlcnr,” the eaihooate of 
lime in which may be derived from the overlying oonglomerate. These 
mlt bede cloedy resemble those seen in the Tsptee near OnO^ those in 
the Bnttnnpoor section, ftc. The conglomerates belong to two foms, 
TSiy distinet in anwsesnoe, hat both oonteining honee. 

Tlist most psevalent is an cstnmdy oosraer ode, made np of loonded 
Uodm of aufUbene, varying fipom A fiset in diameter downwmds, but 
mostly not eieeeding a foot, and very iiwgnlariy dmped. Thesandatone 
is genesdly of fine texture, and gny or light brown in eohnir. 

(*H) 
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^ Thk oonglomente is nsaally moie or lees nodilsr, and ooeoiioiliUjr 
the bed appears chiefly made up of nodular oonoretionaiy pebbles^ 
which, when weathered, strongly resemble oasts of large nimlve 
diells. The matrix of the pebbles which form the bulk of jthe rook 
is a coarse sandstone, oontniaing small rounded fragments of agate 
and quartz, rarely exceeding an inch, and generally bdow i inch 
in diameter. 

The second principal variety is the same coarse sandstone with agate 
pebbles, the latter, however, being neither numerous nor conspicuous, 
without any of the rounded blocks of sandstone. 

Both varieties appear to be calcareous ; they are firm compact rocks 
and excellent building stones. The wall surrounding part of the island 
is built of them, and they have been largely quarried for grindstones, 
and also for exportation as building stones. The principal quay at Surat 
is also built of them. 

In the conglomerates, besides bones, immense masses of fosril wood 
occur, very hard, heavy, and black, sometimes, but not always, having 
been bored by Teredo. No sandstone blocks bored by Pioladida, like 
those in the Taptee bed, could be found, although they were eq>ecial]y 
scorched for. 

In places fine sandstones occur, red or brown in colour, and generally 
in beds from 6 inches to a foot thick. Such beds, if consolidated and 
then broken up, might furnish the sub-angular blocks of the conglo« 
merate. 

The beds are in general horizontal. The sections given by * 
Ethersey convey a fair idea of the strata in the low cliflP at the south end 
of the island, but these beds are so variable that no two sections would be 
likely to give precisely the same result. It is doubtful if the strata be 
anywhere much disturbed. Th^ appear to be steady on the cliff or 
to roll about on the reef, but the latter is probably due to unequal deposi- 
tion and to the washing away of the soft days. 
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PART in. 


EcoKomc' Gaoloot. 


This will be a short chapter ; with the exception of building stonesj 

of Tiliiiail* minerab of yalue have been met with in 

minorals. Western India. Coal is entirely wanting through- 

out the tract under description ; no trace of any of the rocks usually ac- 
companying it having been anywhere seen where lower beds appear 
from beneath the trap. 

Iron . — ^The iron manufactured in the Dhar forest near PoonaBsa ^>4 
Chandgurh has already been fully treated of by Dr. Oldham in the 2nd 
Volume of the Memoirs, p. 271. Some fine works were subsequently 
built by the Indian Government at Burwai under 

BurwiL 

the superintendence of Mr. Mitander, a very able 
Swedish metallurgist. Every difficulfy was overcome, and the works 
were perfectly ready for the manufacture of iron, when the Government, 
finding that additional European assistance was neoessaiy in order to 
carry on the manufacture, declined to sanction any further expensOj and 
offered the works for sale in 1864. Unfortunately, despite the great 
demand for iron throughout the country, no attempt has been by 

any private person or public company to cany on the working.'**' 

The ore at Burwai is found in irregular masses of breccia, the matrix 
of which chiefly brown hmmatite, in the Bijawur series. It is not 

* II 1 think, a laldnot fbr regrst that the amall additional eapenae nfinnwaij was 
act and that the ray gfoat ontlaj npon the worke ahonld hare been qiaat with* 

oat the qneation whether the iron mannfhotnre earn be eanied on in Indin at 

a ramanetatlTe rale. II ia alao nnfortnnate that Mr. Hitander ahonld bare loft TndU 
withoni an aoeonat of hie rariona esperimenta. and the plana he adopted Ibr bominf and 
alorage of cbareoal, anklng Are brieka 0" ^ oomidetdj anooeeded), An, balhf 

pahUaliid in a fbnn la whioh they would be aaehd to any one fietahliahing taon works ia 
India. 
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dear that there is any distinct bed, bat the ore is ridi and bond in 
several places. • 

The few foinaoeB wfaidb stiU exist around Chandd^h (the mannfao- 
tare is fast dying out on account of the difficulty 
of procuring fuel) are similar in form and size 
to those employed in other parts of India, but differ in a few peculiarities. 
They are hollowed out of a bank (as in Bhecrbhoom) and not built up, 
and are square inside, not round. They are about 5 feet high. The 
bdlowB used are worked by the hand. 

Fonneriy there was a manufacture of iron at Bagh, but this has 
gradualiy (Usapifcared from want of bcl. Dan- 
gcrfield, in 1818, found throe smelting furnaces 
and three forges at work. Now there arc none, and there have been none 
for some years. The ores at Bagh were obtained from surface depoKts, 
but the sooioe is the same as at Burwai and Chandgurh, the highly 
ferruginous breccias of the Bijawur rocks. No iron works now exist in the 
western portions of the Satpoora hills. At Tiirkestir, however, close to 
Surat, are piles of iron slag marking the sites of old furnaces, although, 
so far as could be ascertained, there is no tradition- 
ary record, even amongst the natives, as to the 
date at which the manubeture occurred, and they appear totally ignorant 
of the sooroe of the slag. 

Xtai^.— Limestone is by no means so abundant in the western 
portion of the Nerbndda valley as in the eastern. There is certainly 
much limestone in the Bijawurs, althongh it is 
nsnally too impure and too much mixbd with silica 
be of nm. About Chota Oodipoor there is a large quantity of crystal- 
line limestone in the metamorphics, and some 
ocenrs here and there in the Champaneer beds. 

The iqipennost bed of the Bagh group has been shown to be 
genenUy cakareoas, and itisfieqasntly soffidcnily 
pare to be available (or extracting lime. 


Tntkssnr. 
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^ Tliroaghout the trap oonntiy limestoxie is in general wanting^ezo^ 
where bedsof caloaiecnismtertrappeBiieoooiv Theee 

Trap coiuitiya 

are only found near the base^ and are in general 
wanting to the westward. A bed near Burwai afforded the best limestone 
for iron smelting that could be found in the neighbourhood. With this 
excepticfh the only source of lime in the trap country is the kunkuTj 
which abounds wherever there is a deep soil above the rocksj and eqieci- 
aUy in the larger masses of aUuvial clay. 

The nummulitic limestone affords excellent lime^ and mighty if a 
little less distant, be available for he supply of 

KnomiiiliticB. 

Bombay^ where lime is greatly needed. It occurs 
in great quantities around Turkesur, near Surat. 

Slate , — It is very difficult to judge of the quality of slate by what 
is seen at the surface, unless a very good section is exposed in a hill side, 
and this is not the case in the slates which occur between Soorajpoor and 
Jumbooghora, north-east of Baro&. So far as 

Xou* BmuxUl 

they are visible at the surface, however, they are 
promising. There are also some slates seen in the Bijawur beds, near 
Bagh, which might be available for many purposes. 

Near Bagb. some of which might perhaps be sufficiently 

homogeneous to be used for roofing, but they are less fine grained than 
those of the Champaneer beds. 

Building Stones,— Hhese abound. Many of the trap beds furnish 
admirable building stone, extremely tough, yet 
not excessively hard, quite firee from joints and not 
liable to injury by exposure. At the same time some caution is necessary 
in selecting basaltic rocks for building purposes. None of the beds 
zeolites interspersed in irregular strings and veins throughout 
the are good. They are soft, brittle and liable to decompose. None 
of the ash beds are equal in strength, toughness, or resistance to the 
atmosphere, to the solid basalts, and no rook of a red colour dionld 
erer be taken for building purpose!^ It is almost always decomposed. 
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Amoogft tlie yoy best beds sze the pofpb^tic bmlts, sudi as those 
whidb fonn so laige a prc^rtion of the rooks on the Thnll Ohat. ' 

In the nnmmnlitioB of Oozerat^ the limestone appears wellsuited for 
building, but it is difficult to obtain it in large 
masses, or to trim it neatly. It is employed by the 
natiseB for bowries, temples, &c. ; other compact calcareous beds being 
used for similar purposes. 

In the Bagh beds there are some very good building stones. The 
massive sandstones of the Deva, and those which 

Dish ticds. 

occur throughout the country to the south of 
ADcenypoor and Bagh, would furnish excellent material. The gritty 
calcareous bed at the top, where it is not too cherty, would be well 
for construction and could be easily worked. 

'Hie rodu of undetermined age near EUiebpoor contain very good 
strong sandstone free ljt>m joints, hard and 

ms A poof. 

compact. 

The Yindhyans contain some of the best building stone that can 
possibly be conceived. It is as hard and un- 

Vlndb jmL 

alterable as any granite can possibly be, and many 
of the beds are by no means difficult to work. Others are too hard, but 
there are few places amongst these rocks where sandstones of many kindsi 
aU admirably adapted for building, cannot be obtained. 

The lower rocks, Bijawurs, Champaneera, and the true metamorjdiicsj 
yidd stone of various qualities, but rarely as well 
adi^ted for building purposes as are those of the 
Bag^ beds and Yindhyans. 

salt obtamed in the Pooma valley Akola and 
Oomrawnttee is derived from brine, which is pro^ 

VitrAlnIt. cured hj sinking wells through the allnviuin 

biina is strong, and is evaporated to drynesa so^ heat doni 


BUklipoor. 
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ia ■hallow’ abooi 25 ftet' ^dg ud 6 ^eet wide. l!he flow ^ tfiaie 

M made of nver gtard and of knnknr, l>eafceii*i(K 
Mode of in i mift mtoJB* i j * ^ ^ 

geiher into a concrete, and requires to be Repaired 

and freshly beaten after each evajkmtion. Much salt is doubtless lost 

by percolation. 

The wells are a little over 2 feet 6 inches wide, and lined with 
wicker work. An earthem vessel with a wide mouth is used to drawthe 
brine, and the pans are filled to a depth of about 3 inches. Thqr evaporate 
to dryness in about 12 days in the cold weather, and in 8 days in the hot 
season, yielding^ 2 seers of salt in the former, but more in the latter, 
probably from the loss by percolation being less. Each well produces about 
a kandi, or 20 maunds of salt, per month. Manual labour alone is em- 
ployed in working the wells. 

It is by no means impossible that clay containing salt may exist at 
considerable depths beneath the allavium of Khandeish and of the 
Norbudda plain, but such is no^ positively known to be the* case. 

Agate%^ Cornelian, Jasper and other Ornamental Stones.^kgeAxB and 
jasper of various kinds are largely yielded by the trap rocks ; they are 
collected in various parts of the country and cut by the lapidaries of 
Cambay, Jubbulpoor, &c. The only place, however, where any regular 
workings take place are amongst the gravels of the tertiary rocks, many 
beds of which consist entirely of agates derived from the traps. The 
principal of these workings are near Buttunpoor, 13 miles east of Broach. 

The only agates considered of any value occur in 
a tbin ferruginous bed, not exceeding a foot in 
thickness, to the iron in which is probably due the colour which gives 
the stones their value. The pits worked vary of course with the d^th 
of the stratum; those examined by the surv^ were about 30 feet deep, 
and the miners descended by foot holes in the sides. Beneath, the usual 
rabbit warren style, so prevalent in Indian mining, and chiefly remarkable 
ibr the utter absence of anytiiixig like lEystem, was emploved^ to dig 

(Wy 
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tmj portions of the agmte bed. Tlie holes were bnrely large enough 
So/r a man to get thiongh sqnattbig, taore LuUco, or on all-fours, itie 
process for derdoping the oolour of the agates has been described by 
Mr. Copeland.* The agates are chipped at the mine, and those con- 
■ideied good are taken to Ruttonpoor and exposed to the sun. They 
are sabsequently burned in earthem pots and then chipped again to 
ascertain if they are properly coloured, after which they are sold to the 
lapidaries. 

The mines fall in during the monsoon, when they are not worked. 
They are rented by the Rajpcepla Baja to a Mussalman of Cambay 
for Bs. 3,000 a year. Formerly they are said to have produced more. 

Some agates are obtaiiuid from other beds, or picked up in the 
niiDihs, but the greater portion are derived from the Ruttunpoor mines. 

a Tnaa Lit. Soc. Bonbtj, VoL 1. p. 280 ; QcokipciJ FSpen oo WetUfti In di a, p. 401. 


(88t) 




APPENDIX. 


LUi of papefB relating to the Nerhudda and Taptee vallege, and adjoining 
dietrieta^ including Saetem Gnzeratj and Bast and West Berar, in 
addition to those on He district of the Nerhudda^ of which a Uet wae 
given in VoL II of these Memoirs^ pp. 837-S41. 

1815. CoPELAKD, J., Esq. — * Account of the cornelian mines in the neigh- 
bourhood of Broach. Trana. Litj. Boc,, Bombaj, YoL I, p. 289. 
1818. Danobbfield, Captain F.— Some account of the cayea of Bagh, called 
the Panch Pandoos. Ibid,, YoL 11, p. 194. (Principally descriptiye^ 
but contains some remarks on the geology and on the iron smelting 
then carried on at Bagh). 

1821. Stewabt, Captain John. — Geological notes on the strata between Halwa 

and Gozerat. Ibid., YoL m, p. 538. 

1822. Fkabeb, Jab. B., Esq.— Description accompanying a collection of speci- 

mens made on a journey from Delhi to Bombay. G^logical Trans., 
6er. 2, YoL I, p. 141. Remarks on the preceding paper by the 
Secretaries, p. 155. 

1833. Yotset, Db. H. W.— * On some petrified shells found in the Gawilgurh 

range of hills. Asiatic Researches, YoL XYIII, p. 189. 

1834. Jenkins, Captain F.— An account of some minerals collected at Nagpur 
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Ob ik€ oeeurreuee of fboo-bbds ai a locaUUf hitksrto ^onoeaki, biU 

eatpoHi now hy reelamation wofU in Bombay Islakp, ThemUm 

1867 ; A. B. Wynne f. o. b,, Qooloyical SatroBy of India. 

Since the examination 'Vfhieh fhrniahed data for the report on the 
geology of Bombay Island, e^sensive operations for the reclamation of 
the foreshore of Back Bay have laid open a large space on the east flank 
of Malabar Hill, exhibiting its structure from its foot for a considerable 
distance upwards, and thus confirming the view already oflered of the 
arrangement of the rocks. 

The excavation, which is about 350 yards in length and 140 feet in 
depth, is situated at Chaopattee (see page 47, Beport Oeology, Bombay 
Island, Mem., Gcol. Survey, India, Vol. Y), near the north-west 
corner of the Bay. Its place in the frontispiece of the report would be 
behind the Cotton Factory, the smoke from which is so conspicuous, and 
more distant by about a mile. 

The site, which was chosen chiefly from its vicinity to the shore to 
be reclaimed, proved fortunate, as the soft band beneath the hill is locally 
thick, and instead of encountering the hard basalt, blocks of which from 
above were strewn over the slope, the ashy beds and associated shales 
afforded materials much more easily extracted and well calculated for 
forming the embankment when faced with blocks of the basalt. This 
good fortune, however, appears to have been unforeseen. The base of the 
hill was covered with detritus. Its true structure was not generally 
known, and if the then recorded observations had been relied upon, only 
a thin band pf shales extending horizontally beneath the hill would have 
been expected to occur. 

The soft band so well seen in this excavation consists of muddy and 
ashy rock with intercalated layers of shale. Of these the lowest are hard 
dark gray or bluish argillaceous rocks with thin black shaly partings 
coourring as a band, of some two to three feet in thickness. The suifime 

Mcsmi. Geologioikl Sorv^ of Indii, YdL VI. Art. 7« 
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of the gny trap upon which they hmve been deposited^ and which is Been 
at the bottom of the quarrji is uneYen, having great Inmpy protuberances 
iuterrapting the extension of the shales. At a little distance above the 
lower band, a considerably thicker one without any marked boundary 
ooearsj being apparently merely a shaly condition of the ashy rock. It 
is flaggy in places, very thinly laminated ; when damp somewhat flexible, 
papyraceous, and its colour is a dull olive, procet*ding apparently from 
decomposition. The whole of these soft portions of the rocks seen have 
a look of irregularity, and the upper part beneath the basalt which cops 
the hill is of a sufl reddish rusty and friable nature. 

In the lowest or darker shales the best preserved specimens of the 
£ana pwiii/a, Owen, have been found associated with ribbed fragments of 
plants and larger, but generally shapeless, pieces of carlK)niscd vegetable 
organisms almost devoid of structure. The frog skeletons are numerous, 
being aeen on some slabs scattered over the surface at intcr\*al8 of from 
one to eight or nine inches in all kinds of postures ; the hind legs extended, 
crossed, contracted, or "twisted ; the other limbs are less fr(*f|uently jirc- 
served. In the upper band the skeletons are even more numerous, 
relieved in black against the lighter color of the rock ; this, though some- 
what coherent at first, soon becomes so separated and fragile tluit 
preservation of the specimens is difficult. In one instance only jiart of a 
skeleton was seen replaced with a white mineral, perhaps carbonate of 
lime, but the small size of the skeletons, usually about li inches in length, 
prevented recognition. 

Frog-beds do not occur in the opper portion of the soil band, which 
is, however, too intimately associated with the shales to be separated, and 
the whole group may be stated to average somewhat less than 100 feet 
in thicknssis* 

Hm of Molabor Hill at thia pUoo appeals to have been nn- 
ieistatedj judging from tbe meaaarament of the aahj and abalo group, 
it mnat ba latbar ovar 200 feet inatead of 180, and nmj be mow 
naarilf 230 Cwt 
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O^feoloffieal ftolea on Oxyglossub pusillttSj fBana puiilla, Oweu)^ 
the tertiary frog^hede in the Island of Bombay ; by Eeibd. Sialiozka^ 
Ph. D., p. g. s., Palaontologist of the Geological Survey of India^ 

In the preceding note^ ^r. A. B. Wynne has described the 
stratigraphical position of some recently discovered frog-beds which 
were not exposed^ when two years since he described these deposits 
in greater detail (Mem. Geol. Survey of India^ VoL V, p. 178, 
1866). The small Batrachia occurring in these beds have been 
known for more than twenty years ; they were first characterized by 
Prof. B. Owen under the name of Rana pusilla (Quar. Jour. Geol. 
Soc., Lond., Vol. Ill, p. 224, 1847). The Geological Surv^ of Xndia 
has obtained a larg^ number of well preserved specimens during 
Mr. Wynne^s recent researches, and the examination of these has led me 
to alter the generic determination of these fossils, the reasons for which 
change will become more evident as I proceed. 

I shall give a brief sketch of the osteology of the species, com- 
paring some of the most important points in the structure of these 
fossils, and of some of the living representatives of the same genus, and 
will also refer shortly to the other organic remains associated with these 
Batrachians. 

OxYGLOSsns PUSiLLUS, Owen, sp. (PI. IX). 

1. Head large, subtriangular, posteriorly about one-fourth broader 
than long, anteriorly obtusely rounded (see fig. 3). The intermazillaries 
(im) are comparatively large, posteriorly at their junction, with short 
pointed procegses; both the intermazillaries and the mazillaries (m) 
are amed with long subequal teeth. The nasals, frontals, paiietals, and 
occipitals are united to a single long and broad bone, without being dis- 
tinguishable in any of the specimens examined. A small space between 
the processes of the intermazillaries and the nasals must have zemained 
imperfectly ossified, and consequently the intermazillaries became very 
often dislodged. The anterior prolongations of the frontals (fir) appear to 
be perfectly ossified, and united to the corresponding processes of Om 
Memo. Qeokigioal Survey of India, VdL VI, ArL & 
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maxilimncs (m). ¥mm the latml branching of the frontala^ a slight 
furrow is tnoeable in the upper view of the occipital bones (fig. 3), 
running posteriori j near the lateral margins : it disappears afterwards, and 
tsro narrow ridges are seen converging posteriorly where the occipital (o) 
shoold be placed. The tympanic bones flmj are thick, the jugal (JJ rather 
thin : they do not appear, so far as they are seen, to differ from the 
ooiresponding bones in the recent species of Ranida, 

The lower jaw ffig. 2, IJ consists of a narrow bone without teeth, 
nor is there any trace of vomerine teeth obser%'able. The absence of 
these is the chief distinction between OjygloMius and Rama, 

2. The teriebral column consists of vertebra.*, which are of the usual 
fonn, broader than long, with xery short neural spines, minute posterior 
zygapophysea, and the diapophyses of various length. The atlas (noi^l in 
fig. 1 or cd in fig. 3) has, as usually, no diapopliysis, hut is laterally rather 
sharply |iointed ; the d*ui|>ophyses of the third vertebne are longer tliau 
any of the others, although \ery slightly longer than those of the 
second; those of the fifth vertebra arc sulic^ual to the fourth. The 
liiapophyses of the succi^-ding vertehrw rapidly' shorten, being nearly of 
equal length,— aliout equal to one-half of those of the third vertebra. 
The ascral vertebra is pivjlonged into a strong coccygeal style feoj, slightly 
expanded a little below its junction with the sacral vertebra, and then 
gndnally narrowing pfNsteriorly ; it appears to have had a sharp 
ridge above, and its length equals two-thirds of that of tlie ver- 
tebral column. The diapopbyses of the last vertebra are club-shaped, 
oonaiderably thicker externally where tbe ilia (il) join. These are two 
Umg, laterally compressed bones of about equal thickness, veiy slightly 
bent externally, posteriorly united to the isebia, which project a little 
Muiid (%)• At the junction of the iliac and ischiac bones, tbe former 
an dightiy thicker, bnt the joints for the femora do not project 
laterally. 

8 . Jniariar egitemiliei and ikeir appemdaffgt,— Tbe total length of 
the anterior extremity is three-fifths of that of the body, the length 
of ibis being almpst equal to that of the bnmerae, the aadiyloeed nine 
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and radiuSj together with the oarpal bones. The humerus and the 
udited ulna and radius (K and ut) are rather thick in proportion to their 
length, (the former being a little longer). The carpal bones (ti) appear 
to be only five (? 6) j the outer one the (lunar) is the largest^ the others 
are not quite sufficiently ^Ltinctly discernible. The carpal bones give 
support to four subequal metacarpal bones (see fig. 5)^ there being 
only a trace of the thumb perceptible : the index and middle finger have^ 
as usually, two phalanges : the next finger (which is the longest) three 
phalanges, as has also the fifth digit, though considerably shorter than 
the last. 

The lower portion of the scapula (fig. 1, a) is broad and short ; 
of the upper portion only the posterior subcylindrical margin is preserved ; 
the rest does not appear to have been perfectly ossified. The clavicle and 
coracoid (cl and co)^ both of which are distinctly visible in the ventral 
view (fig. 2), run parallel and very close to each other; the former is very 
thin, perfectly ossified and united in the pectral line, the outer ends being 
curved forward and joining the scapula by an oblique, lateral and very 
narrow articulation. The coracoid is more flattened and broader towards 
each end than in the middle. Of the stomal bones nothing could be 
seen ; they were probably not ossified. 

4. PoHterior extremities , — The hind limbs each exceed the total 
length of the body by one-third ; the femur (fig. 1,/) and the anchy- 
losed tibia and fibula are two cylindrical bones, thinner in the middle 
than towards their ends. The femur is nearly quite as long as the united 
tibia and fibula, and their length together equals that of the vertebral 
column. TLe calcaneus and astragalus {cc and a in figs. 1 and 4), the 
latter being a very slender and twisted bone, are half as long as the tibia. 
Of the tarsal bones (fig. 4), the cuboid (e) is transveisally much elon- 
gated and compressed ; the naviculare (n)\A hardly one-third of the size of 
the former ; then follow two bones, (ah) the one next to the cuboid being 

much longer, the other very small ; to this last one joins a still smaller 
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bone which giTcc support to s nther elongstsd ossified spoTi (9f) progeoting 
on the intemsl tide of the tarssl bones. The metatarsal bones {iki) 
are fiee, the first being the shortest ; the second half the length of the 
fonrthy which is the longest ; and the third and fiAh are equal, or very 
nearly so. The first supports two very short phalanges, the second equally 
so, but the phalanges are a little longer ; the third and fiAh have three 
and the fourth has four phalanges. From the way in which the toes 
are generally placed close together, it is very probable that they were 
by a web reaching Tcry nearly to their tips. 

The following are the mean measurements of a large number of 
specimens as regards the various bones, and I add some of the measure- 
ments of a recent species of the same genus 

OtypiMttu pmfi/Jms, Owen. OryylvtntM Gray (rreeot). 
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Thnn these diort and general osteological remarks it is evident that 
ths fossil in question belongs to the JZsatdtf, as first pointed out by Prof. 
Owen. There sre sctually no essential diatinctions traceable in any of the 
detaQs of our skeletons from those of the The want of vomertne 

teeth, however, ohancteiiaes the fosnl species as an and ndi 
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BB a Bam. Both genera are in many other respects closely allied^ still 
tCere are a few other points to be noticed which tend to support the 
generic determination of the fossil species. 

The genus Oiyglo89U9 was initiated by Tbchudi for a species^ 0. Uma, 
which is found along the ootkol of Siam and China. Dumeril and Bibron 
(Herpetologie VIII^ p. 335,) state that it was also brought by Belanger 
from Bengal, which is not very improbable. Gunther (Reptiles of India, 
1864^ p. 401,) stales that he had never seen a specimen of 0 . lima larger 
than li inches long. Gray described in the catalogue of the Batbachia 
Saliextu, 1858, p. 6, a second species, 0. lavis, which is said to occur only 
in the Philippines. I am not acquainted with any more species of that 
genus ; of the second, however, I was fortunate in being able to examine 
a few specimens. The locality of these is unknown, but as there were in 
the Museum of the Asiatic Society of Bengal hardly any reptiles from the 
Philippines, it is rather likely that the specimens are Indian. They only 
differ from Gray's type by the want of the few brown spots on the throat ; 
the presence or want of the median dorsal stripe is, as in many other 
Ranida, not a constant specific character. 

Comparing now the large size of the head of the fossil species, its 
proportions certainly resemble more those of the recent OxygloMw than 
those of Rana proper. The comparative shortness of the calcaneus and 
astragalus (being hardly more than half the length of the femur), and the 
comparatively greater length of the bones forming the ulna and radius 
(not being much shorter than the humerus), characterize the fossil as a 
the salient power of which was less developed than in most of the 
spedles of true Sana. The intermaxillaries are also in proportion generally 
broader in Otgglouut than th^ are in Sana. The diap(q)hyses of the 
sacral vertebra are in the former club-shaped, as in the fossil species, not 
cylindrical, as usually in the latter. 

All the f p-nimAna which I have examined are such as have completed 

their metamorphosis, and are mostly of the same, or very nearly the same, 
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mMl] sixe^ at bat been already noticed by Prof. Owen. The very larpfe 
number of tpedment found together thews tuffioienily that Ojy^loiA$ 
jM9i/iu4 matt have been living gregariously in a swamp, and was really 
a very small tpeciet of frogs, at both the recent Oxyy Wat decidedly are. 
The latter are likewise pecuUar insular forms, but whether the suggestion 
regarding the habits of the fossil Ojyy/ossifs coincides with those of the 
recent species, I am unfortunately not in a position to state, for nothing 
appears to have been recorded of the habits of the two living siKK'ies of 
Ojyy/osfss. Of the largest specimen of Ojyy/ostss /rms which I 
observed, the measurements are given above ; it seems liardly to attain 
the size of 0. lima, taking Giintber’s measurement as the mean. 

1 may notice that the recent s|ie<*ies of Ixultut, Dum. and llibr., are 
also characterized by the want of vomerine teeth, but the proportions of 
the limbs and the mode of occunt>nce do nr4 make it in llic least prol>able 
that our fossil belonged to the group of trei*-frog8. Somewhat similar 
objections regarding the habitat also apfily t4> tli«* genus DicropIoM$ui, 
Gunther, which is based upon a Ih-malayan sjiecicv, also without vomerine 
teeth. The fore and bind extremities in the only knoun sjiM'ies, Dicrop. 
Adoifi, appear in proportion to the body longer (see Gtinther^s Indian 
Reptiles, p. 402;, than they are in either of the known sjiecies of OxpplwuM. 

Associated with Oxpploitus puiiilmi, which occurs in a black or 
brownish sandy shale (the ffirmer, undoubtedly, very highly impregnated 
with organic matter) were found small specimens of wood, and frag- 
mentary impressions of long narrow leaves of a plant which was 
probably a spectes of Tppka^ usually growing in swamps. Besides these 
very muneroas impressions of Cppridina were observed, \)ut they are 
80 indistanet as not even to sdmii of a generic determination. Not a trace 
of a fish, not even a single scale, has, remarkably enough, been noticed. 

The manner in which the entire skeletons of OrpgL puiUlm are 
usually found shews that most of the specimens must have met with a 
quick death, and that ih^ were buried shortly sfWrwaxds in the muddy 
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of the swampsj before the mtiscalar and ligamentary parts of the 
body could decompose. Most likely^ volcanic action and the flows of 
lava streams were the agents which caused the rapid destruction of the 
little life that existed in thAlAneighbourhood. Storms and winds were also 
most likely in operation then as they are now^ for some of the specimens 
give direct indications on the rock that they have been dragged along the 
surface of the soft mud for various distances (see fig. 6 on pi. IX) . The fine 
stripes on the surface^ the tracks which the body left on it, — ^being a little 
dec])er where they correspond to the thickened joints of the body, — are dis- 
tinctly traceable. No force acting on a special part of the body of the frog 
could produce this, for it would have certainly dislodged the corresponding 
position of the various bones. It could have been only one which acted 
upou the whole body equally strongly, without injuring any part of it, and 
that was apparently only the motion of the atmosphere. The surface of the 
rock is generally smooth, and only occasionally appears so little disturbed, 
that it would seem more difficult to explain the dragging motion of the 
dead specimens by a temporaiy upheaval of the strata. Besides, if such 
had been the case, the motion of the specimens would most likely be a 
more general one, while in reality the marks (see fig. 6) appear to be 
rarely found, and are certainly not traceable on six other specimens of 
the' same species of frog, lying on the same surface of the slab beside the 
one figured. 

For further geological details, I must refer the reader to Mr. Wynne's 
interesting account of these deposits in his paper on the geology in the 
Island of Bpmbay, (loc. cit., p. 217, etc.). 

Explanation of Plate IX. 

Fig. 1 . A complete Bkehton, drawn to double the naturridimenf ions ;donalriew. 

Fig. 2. Ventral view of the head, the fint three vertebra, humerus and breast 
bones ; drawn to twice the natural dimensions. 

Fig. 8. Upperviewof the exact form of the head, drawn in three times of the 

natural dimenuons. 
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Fig. 4 Cyciiieiit nd Uml and metataiial bonat; three tiiy 

natiinl eiie. 

Fig. 5. Ulna and ladine vith oai|ial and metacarpal bonee ; alao in three times 
cf the natnral eiae. 

Fig. 6. A specimen in natural aiae, aheiring the peculiar Knee, described on the 
prerions page. 

Si^iJSeaiwm qf ikt mrkmi Uttm ta tht phit. 


m, mazillarr. 

•m, intermaiiHarieSb 
I, lower jaw. 
e, ecipiila. 

1, atUe. 

abdominal mtebrw, 

8, aacral Tcrtebra* 
ro, ooorvgcal style. 

U, ilia. 

I, Posterior prolongation of the 
iachiac bones. 

A, hnrnems. 

ulna and radios, 
ea, carpal bonea^ 
toe, metacarpal bones. 

1-5, fingers, in fig. 1* 

/, fimar. 


! vertebral 
colomn* 


t. 

tibia and fibula. 

tr. 

caloaneos. 

o. 

astrmgalos. 

ta. 

tarns] bc»nes. 

mi. 

metatarsal bones. 

c, 

cuboid. 

a. 

narirulara. 

ah. 

two lower tarsal bones. 


spur and toe- bone. 

lA, 

toes, in fig. 1. 

cL 

oorsooid, 1 « 

cd. 

Btlw, 1 


frontals. 


J* 

jugal bones. 

oin 

tm. 

Umpanu' bones. 


e, 

ooc^'pital region, ^ 
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